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Editorial Comments 


The Suez Canal. 

We are fortunate in being able to publish in this issue a specially 
contributed article upon the Suez Canal, which we tnink will be 
of considerable interest. Many aspects are dealt with very tully 
by the contributor, and it only remains for us to draw attention 
to certain salient points. . 

The Canal, which is at sea level throughout, is 101 statute 
miles in length, and shortens tne distance between London and 
Bombay in respect to time by 24 days travel. The tide at the 
Mediterranean end is negligibie, but tidal currents from the Red Sea 
end have caused considerable trouble in the past, rendering various 
widenings necessary. 

tne experience gained by Ferdinand de Lesseps in the construc- 
tion and operation of the Suez Canal, proved of incaiculable value 
to him in the later Panama project, and had it not been for finan- 
cial difficulties and disease and deatns at the site, there is little 
doubt that the French engineer would have added the successful 
completion of the Panama Canal to his Egyptian triumph. 

It is worth recalling here that the Panama Canal was originally 
commenced by the French as a sea-level one, and although they 
changed to the less costiy high level lock canal, they believed 
that, ultimately, a sea-level canal would be necessary, and accord- 
ingly, plans for the locks were drawn to facilitate the transforma- 
tion at a later date. It is significant that the decision of the 
United States to complete the Panama project as a lock canal was 
only made by a narrow majority of opinion, and that the sea-level 
route is once again being investigated with considerable assistance 
from studies of the Suez Canal and vessels en-route therein. 

The most important improvement contemplated by the Suez 
Canal Company is, of course, the construuction of the by-pass 
canal some 30 miles from Port Said, which will enable convoys, 
and particularly oil tankers, to pass many miles apart and effect 
an appreciable reduction in transit time. This will make for the 
best conditions of safety for all vessels, and the decrease in time 
in transit will be appreciated by passengers passing through the 
canal in the hot months of the year. 

It is interesting to note that originally, the depth of the Canal 
provided for vessels of.a maximum draft of only 26 feet, which 
later was increased to 34 feet. Deepening by a further 20 inches is 
now contemplated to allow passage of vessels of 36 feet draft. We 
would also call. attention to the proposed deepening of the 
tanker mooring station in Lake Timsah and a new layout of 
Port Said Harbour. This programme of improvements has been 
decided upon by the Board of Directors following the advice 
of an International Consultative Commission composed of eminent 
Civil Engineers from France, Great Britain, Egypt, Holland and 


Belgium, and was subject to the tormalities of a concession ol 
extra land from the Egyptian Government. 

The annual genera] meeting of the Suez Canal Company was 
held in Paris on June 21st last and the directors report ior the 
year 1948 lays emphasis upon three developments of special in- 
terest; a record increase in trafic; the programme of improvements 
already referred to above; and important agreements recently 
reached with the Egyptian Government. 

Increase in ordinary traffic is to be expected under post-war 
conditions, but the greatest increase is due to the growth of oil 
shipments from the Middle East. Whether this record will be 
maintained or exceeded in 1949 and succeeding years it is diihcult 
to say, but it seems that tnere were slight declines in traffic during 
May, June and July of this year. On the other hand, it should 
be borne in mind tnat trade between the Far East and Europe 
has not yet returned to normal. 

The Chairman, in his speech to the Shareholders, drew special 
attention to the conversations which had taken place with the 
Egyptian Government, which were concluded by agreements signed 
last March and subsequently ratified by the Egyptian Parliament. 
The Company, with its international associations, had sought 
these agreements, both by reason of Egypt's evolution economic- 
ally and socially during the past 12 years, and also the desire 
to satisfy the aspirations frequently expressed by public opinion 
and leading elements in Egyptian life. They comprised the in- 
clusion of further Egyptian representation on the Board of 
Directors, participation in the Company’s profits and the employ- 
ment of more Egyptian personnel and other kindred matters. 
As the present concession has less than 20 years to run, it was 
considered timely to review the whole position in the light of pre- 
sent day conditions, and the outcome of the deliberations seems 
to have been arrived at in a conciliatory and friendly spirit. 


International Transport. 

An address by the President of the Institute of Transport is 
always an event worthy of note, and that of Brigadier General 
Sir H. Osborne Mance last month, excerpts from which are printed 
elsewhere in this issue, will be read with interest. The theme 
of the address was the restrictions to the flow of International 
Transport caused by State frontiers and policies dictated by 
strong national] sovereignty. 

The high hopes entertained that, after the war, a United States 
of Europe would emerge from the chaos on the Continent, has 
unfortunately, had to be set aside, at any rate for the time being. 
However, the Western European Union involving as it does the 
relaxation to some extent of national sovereignty, provides the 











means for co-ordinating previously competing transport systems, 
which must result in tostering and facilitating international] trade. 
Indeed, as we mentioned in these columns in our September issue, 
steps of some importance have already been taken to facilitate 
trathc between the Canals of Belgium, Holland and the Rhine. 

There can be little doubt that an important influence for lasting 
peace is international trade freed trom as many retarding influ- 
ences as possible, and fostered by tne pooling of resources and 
experience, and a loosening of the so-called sovereign rights of 
States. The ultimate ideal of international co-ordination ot trans- 
port, is that traffic should pass internationally as if the whole 
journey took place in one State. It may be, as Sir Osborne 
remarks, that in the present conditions of independent sovereign- 
ties, transport could give a lead in working out measures which 
would form a basis for increasing internationa] co-operation with 
a subsequent closer union of the countries of Europe. 

The suggestions set forward in the address merit study by all 
concerned with British and Continental transport and trade. 


The International Navigation Congress. 

Last month we published abridged versions of the General 
Reports upon papers submitted py members in respect to Questions 
1, 2 and 3 of the Inland Navigation Section of tne 17th Congress 
which was held in Lisbon early in September. Now, in this issue, 
will be found the reports upon the papers submitted by members 
upon Communications 1, 2 and 3 dealing with tne same section. 

From an engineering point of view, pernaps the most interesting 
Communication is that concerning recent developments in the 
design and construction of locks, and more particularly, those 
papers in respect to new types of lock gates, emptying and filling 
devices, valves, sluices and culverts. Many ot the innovations 
described involve principles which may well be adopted for the 
construction of locks of large dimensions in enclosed docks. 

The damage sustained during the war by the network of canals 
in France, Germany and the Low Countries has some mitigating 
circumstances in that it gives those countries the opportunity to 
repair and reconstruct their waterways and at the same time im- 
prove them upon the most modern lines, of which circumstance 
the engineers concerned apparently have not been slow to take 
advantage. 

The papers submitted by Czeckoslovakian engineers describe 
various projected works embodying several types of lock gates 
and filling and emptying arrangements of unorthodox design. 
In fact, in examining all the papers, one is struck by the obvious 
attempts to break away from tne generally accepted methods of 
canal lock design, construction and operation of the past century. 
This trend in modern design is, in our view, so important that it 
merits publication of some of the more outstanding individual 
papers at a later date. 

Protection of inland waterway embankments and beds is 
another engineering subject worthy of some attention, in view of 
the present efforts being made to increase efficiency in canal 
operations generally, and more particularly in speed of transit. 

We must not leave the subject of inland navigation without 
some reference to the Third Communication—the value from the 
economic standpoint, of large inland waterways. This has been 
much in the forefront recently in many countries, and should be 
given special attention in the United Kingdom, now that the 
opportunity arises for modernising the canals on a national basis. 

In the United States of America the position of the: canals and 
canalised rivers, as part of the national transportation services, 
has now been assured, while on the Continent of Europe similar 
conditions obtain, although in the latter case, these are merged 
with problems concerning the need for international co-operation 
and organisation, to which we have already referred above. 


Coastal Erosion. 

The importance ~f beac’) erosion and shore protection is recog- 
nised by all maritime co.ntries of the world, and efforts are con- 
stantly being made, either to ¢rrest erosion or to promote accre- 
tion as may be necessary in each particular case. 

During its existence, the Earth’s surface has undergone many 
and profound changes, both in outline and elevation of the land 
masses. These changes are still going on, but as the earth grows 
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older, to a modified degree. Even so, man can only make pro- 
vision for a tew hundred years or so, which in terms of geolo ‘ical 
time, is but an instant, and he can do little to avert gradual |and 
sinkage and, at best, can only mitigate its immediate effects, 
However, as he is mostly concerned with erosion, which is mainly 
caused by the action ot littoral and river currents, or by waves 
ot the sea, wind and similar every day pnenomena, his st idy 
and knowledge of the effects of these forces have now reaciied 
considerable dimension, as will be gathered from Mr. Mas n’s 
technical contribution to the subject which will be found on 
another page, and which we think merits close attention. 

It is interesting to note in passing that in the United States 
of America Federal and State Legislation recognises the physical 
and economic importance and financial responsibility of the State 
in respect to the study and remedy of coast erosion problems, 
but apparently only to a limited extent have States undertaken the 
responsibility for shore control in the case of agricultural or 
virgin or undeveloped lands. Ina country so large as the United 
States this is perhaps not surprising, but in thickly populated 
countries such as Great Britain and Holland, the Governments 
are deeply concerned with coastal protection and reclamation. 

Recent legislation in the United Kingdom has constituted County 
Boroughs and District Councils as the Protection Authorities, and 
Coast Protection Boards have power, inter alia, to raise money 
for protection works along our coasts, whoever may be the owners 
and to whatever use the land may be put. 


The Effect of Drought on the River ‘thames. 

We understand that several well-known passenger and cargo 
liners whicn regularly use the Port of London have nad tne waite 
paint of their upperworks discoloured by a gas wnich apparently 
rose from the Kiver [names during the recent period of drought. 
It has been stated that the gas was caused by lack ot oxygenation 
of the lower reaches of the river, due to tne now of fresh water 
over Leddington Weir being only one-seventh of its normal amount 
for the time of year. 

ine occurrence mentioned, is of course, only a minor instance 
of inconvenience, but its significance lies in tne tact that it is an 
obvious indication that conditions in times of drought are not wnat 
they should be in a river which flows through so populous and 
important a City and Port as London. 

According to the records of the Thames Conservancy, the aver- 
age yearly tlow of fresh water discharged from the upper reacnes 
into the tidal river is about 2,100 miuuon galions per day, taling 
to a summer amount ot avout 400 mullion gallons. in times of 
drought the minimum tow depends, to a great extent, upon tne 
amount of water abstracted above leddington Weir by public 
Water supply undertakings, the quanuties being establushed by 
Acts ot Parliament and Orders under tae water Act of 1945. 

In 1944, due to war conditions and drought, abstraction was 
continued beyond the usual limits, and for a period ot six weeks, 
the average tlow of fresh water was only 60 million gallons per 
day, while on one day it fell to 28 million gallons. The sewerage 
outfall of the West Middlesex Sewage disposal works is at Isle- 
worth, a few miles below Teddington, and it has been stated chat 
the volume of the effluent during that period was fully 50 per 
cent. of the total water passing down the river at that point, and 
had it not been for the exceedingly high standard of purity of 
the effluent, conditions in the tidal portion of the river might have 
been serious. It will be seen that somewhat similar circum- 
stances have occurred in the river during the recent period of low 
rainfall. 

The Conservators of the tidal reaches and estuary of the River 
Thames are the Port of London Authority, who it will be remem- 
bered, are now engaged upon a systematic research of the whole 
question of pollution, siltation and allied matters. The frequently 
expressed opinion that London has long since outgrown itself 
seems to be well founded, and the important steps required to 
mitigate its results in the Thames may well be beyond the scope 
and powers of the Port Authority. The whole subject is full of 
problems, the solution of which, in our view, may embrace new 
sources of fresh water supply, and the migration of industries 
and population from Greater London to other towns. 
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The Suez Canal 


Its History, Administration, and Projected Improvements. 


(SPECIALLY CONTRIBUTED.) 


HE early history of the urst navigable waterway linking 

tne Nue with the Red Sea 1s Jost in tne mists of antiquity, 

put 1t appears to be certain that a canal existed in the 13th 

century B.C., during the reign ot Pharoah Seti 1, wno was 
the first man to set his hand to this work. There is a 1ow reliet, 
stili visible in the Tempie of Karnak, depicting Pharoah returning 
trom the wars and crossing wuat the hieroglypnics call “‘ the cut,’’ 
which, in the southern zone, followed the same route as the present 
Canal. 

berore the dawn of the 7th Century B.C. the Canal of the 
Pharoahs was almost compietely silted up owing to political 
changes and other causes; Pharoah Necho (612 B.C.), who de- 
feated Josiah King of Judah at the Battle ot Megiddo, re-cut the 
waterway in the process ot which Herodotus states that 120,000 
slaves perished. Necho stopped the work on being warned by an 
oracle that he was presenting the would-be invader with easy 
entry. Later, in 521 B.C., the Canal of the Pharoah was restored 
and enlarged by the Persian ruler Darius Hystaspes, whose 
achievement is recorded by the foilowing monumental record: 

‘I am a Persian: with the power of Persia I conquered Egypt. 
I ordered this canal to be dug from the river called Pirava (the 
Nile) which flows in Egypt, to the sea which comes out of Persia 
(the Red Sea). This canal was afterwards dug as I have com- 
manded. . . .”’ 

Darius destroyed the last section of the canal, but it was re- 
excavated by his successor Xerxes; Herodotus has recorded that 
it could be navigated by two triremes abreast. A curious and in- 
teresting fact about the early history of the canal is that Ptolemy 
Philadelphus intended to cut a canal direct throagh the Isthmus 
of Suez, joining sea to sea, but he did not carry out the idea, for 
it was found that the Red Sea lay higher than the land of Egypt 
by 3 cubits, and a general inundation was feared. But some will 
have it that the true cause was that if the sea was let into the Nile, 
the water of it would no longer have been potable for the inhabi- 
tants. 

When the Romans occupied, Egypt, the Canal of the Pharoahs 
was converted into the River of Trajan, and the Arab conquest 
of the country in the 7th century A.D. witnessed the last phase 
of its early history. Amru, Governor of Egypt, re-opened the 
waterway in 641-642 and until the end of the 8th century it was 
used under the exalted title of the Canal of the Prince of the 
Faithful. In A.D. 776 Abbassid Caliph finally closed it in order 
to blockade Mecca and Medina. 

It was from this time onwards that the trade through Egypt 
declined owing mainly to the discoveries of Marco Polo and others, 
who opened up the overland route to China and India in the 13th 
and 14th centuries. Turkish aggression and plunder of caravan 
routes compelled merchants to seek out other routes. Thus it was 
that Vasco da Gama reached India via the Cape of Good Hope 
on May 20th, 1498; he remained there six months and returned to 
Lisbon by the same route, thus blazing a trail which was followed 
for nearly four centuries and which ovened up vast wealth and 
power for maritime European countries. 

Various proposals for a Suez Canal were put forward from time 
to time, and in the 17th century an outstanding contribution was 
“The Complete Merchant.’’ by Jacques Savary, which passed 
through many editions. Savary can be given the credit of 
bringing the matter from the diplomatic to the practical svhere. 
Later. Napoleon took a very keen interest in the proiect when he 
seized Egypt, appointing the famous engineer, J. M. Lepére, to 
carry out a survey which was duly completed under most difficult 
circumstances. Lepére was obsessed by the fallacy that the Red 
Sea was more than 30-ft. higher than the Mediterranean, estim- 
ating that it would cost about £1,509.900 to carry ont the 
scheme; although there were many who differed from him on this 
matter of levels, the error persisted for another fift years. 


Need for Shorter Route to inaia 

it was a long time beiore Great britain began to realise the 
importance of improving transport to India ana it was Lieutenant 
Waghorn who first proved the advantages of the overiand route 
to andia through xgypt. In 1829-30 he had tested this by 
journeying irom London to Bombay in the then record time of 404 
travelling days, \aking with him Jetters 1or which he cnarged a fee 
of 5s. each; this later resulted in the British Government entering 
into an agreement with the Peninsular and Oriental Company for 
the regular carriage of mails to Alexandria, and thence via the 
Nile and overland to Suez, where ships ot tne East India Company 
conveyed tne mails to Bombay. 

Waghorn was an outstanding pioneer and his work on the over- 
land scheme was an effort of tne highest importance in improving 
communications; Ferdinand de Lesseps, the man who eventuaily 
succeeded in bringing the Suez Canal project to fruition, wrote the 
jollowing inscription which was placed below a bust of Waghorn 
at the entrance to the Canal: 

‘* In homage to the memory of the generous though unfortunate 
man, who alone, without any he!p, by a long series of labours and 
heroic efforts, practicaliy demonstrated and determined the adop- 
tion of the postal route through Egypt and the communication 
between the East and the West of the world.’’ 


Early Attempts to Establish Canal 

At this stage a curious French semi-religious sect came on the 
scene; known as Saint-Simonians, they were iounded oy Count 
Henri de Saint-Simon, who believed in “‘ the redemption o: human 
society through the dignity of labour.’’ Their programme in- 
cluded tne cutting of the Sucz Canal, so that they evidentiy 
intended to prove that they were not afraid of hard work! The 
Saint-Simonians set forth trom Marseilles in 1833 under Father 
Enfantin, who was introduced to the Viceroy of Egypt by 
Ferdinand de Lesseps, but in the end they had to abandon the 
task owing to the death of several of their members through 
disease and failure to obtain a concession from the Viceroy. Yet 
they were not dismayed by this initial failure and carried on 
energetic propaganda, forming an international organisation in 
1246 known as the “‘ Société d’Etudes du canal de Suez,’’ with 
headquarters in Paris and a capital of 150,000 francs divided into 
three equal parts of 50,000 francs. 

The matter of a concession remained the great stumbling block 
to further progress. Although the Viceroy was not unfavourable 
to the granting of a concession, he required certain guarantees 
from the Power concerned; England, France and Austria each in 
turn tried to gain the ascendancy in arranging the affairs of Egypt. 
Father Enfantin abandoned his plan for a Canal in Egypt 
not because of his failure to obtain a concession, but because of 
political pressure applied by Great Britain. Moreover, the pro- 
posed construction of a railway from Alexandria to Cairo would 
have made his plan redundant. 

As so often happens in history, this great work of the Suez Canal 
was eventually consummated under the enthusiasm and outstanding 
competence of a commanding personality, Ferdinand de Lesseps. 
Born at Versailles in 1805, he came of a family of diplomats, his 
father having been French Consul-General in Egypt and one of 
those who helped Mehemet Ali in his rise to power. Ferdinand 
took up the family career, and after various posts, including that 
of Minister at Madrid, he was appointed Vice-Consul at 
Alexandria. While waiting to land from a vessel in quarantine at 
that port, he nassed the time studying Lepére’s memorandum on 
the proposed Suez Canal; from that time he made a detailed studv 
of the whole project in all its aspects. 

This remarkable man had a brilliant consular career lasting more 
than 20 years and he devoted 40 years of his long life to the study 








and promotion ot the two great maritime waterways ot the world, 
the Suez and the Panama Canals, the first an outstanding succes 
and the latter a dismal tailure. He died at the ripe old age ot 89, 
his family having numbered 17, of whom 12 were by his second 
wite atter he was more than 69 years old! 


Formation of International Company 

lt was in 1854 that de Lesseps succeeded im convincing the 
Viceroy of the soundness of his project, and he was granted a con- 
cession. This was couched in very broad terms, and by it de 
Lesseps was authorised to form an international company to be 
known as the Compagnie Universelle du Canal Maritime de Suez, 
the Concession to remain in torce tor 99 years from the date of the 
opening of the Canal; this original Concession was replaced by a 
more tormal one in 1856. 

The scheme met with fierce opposition in England, but it 
was extremely fortunate tor de Lesseps that at that time France 
and Great Britain were allies in the war against Russia. He was 
a man of tremendous courage and persistence, and in June, 1855, 
he called on Lord Palmerston, the Prime Minister, to explain his 
scheme and try to convince him of its benefits. Yet Palmerston, 
who had for long strenuously opposed the project, represented only 
the view of the British Government; the public and the commercial 
world being very much in tavour of a Canal. 

The next step was the appointment of an International Com- 
mission consisting of the best engineering brains in Europe, in- 
cluding those of England. It submitted its findings to the Viceroy 
of Egypt in 1856, and stated among other things .. . “‘ the 
execution of the work is easy, and the success assured.’’ This 
enabled Statutes of the Suez Canal Company to be formulated in 
full; central offices were to be located in Alexandria, with legal 
and administrative offices in Paris. Capital was fixed at two 
hundred million francs, divided into 400,000 shares of 500 franc; 
each, investors from all nations participating in the enterprise. 

Wide circulation of the Report was given by de Lesseps, and 
only by the most patient and persevering endeavour did de Lesseps 
successfully surmount all the crises and difficu!ties which always 
dog the path of the pioneer; the official opening of the Suez Canal 
took place with full ceremony on November 17th, 1869, in the 
presence of a large and distinguished gathering. There were 
sixty-seven vessels in the procession, headed by the Imperial yacht 
Aigle with the Empress Eugenie and de Lesseps on board. 

Although the British Government had opposed the scheme so 
strenuously, it made ample amends when the Queen bestowed the 
Grand Cross of the Order of the Star of India on de Lesseps, 
and he was made a Freeman of the City of London. It was 
indeed fortunate for this country that in 1875 the astute Disraeli 
purchased 176,602 shares in the Suez Canal Company for Great 
Britain, because this act did much to ease the tension which had 
been mounting between Britain and France over the Egyptian 
question. 

However, the existence of much foreign influence in the country 
was the cause of a great deal of trouble in Egypt, which led to 
the despatch of a British expedition in 1882, when Admiral 
Seymour shelled the forts of Alexandria. The revolt was finally 
crushed at the decisive battle of Tel-el-Kebir and Britain occupied 
Egypt. It was not until 1888 that a Convention was finally agreed 
to by the interested Powers, the first Article of which read as 
follows: 

‘* The Suez Maritime Canal shall always be free and open, in 
time of war as in time of peace, to every vessel of commerce or of 
war, without distinction of flag. Consequently, the High Con- 
tracting Parties agree not in anv way to interfere with the free use 
of the Canal. in time of war as in time of peace. The Canal never 
shall be subjected to the exercise of the right of hlockade.”’ 


The Functions of the Administration 


The Suez Canal is an enterprise which intimately concerns the 
shipping of all nations and is carried on in their interests; the 
Compagnie Universelle du Canal Maritime de Suez. or the 
Universal Company of the Suez Maritime Canal, is an Egyptian 
Joint Stock Company which owes its existence to the Act of Con- 
cession granted by the Egyptian Viceroy Mohammed Said to 
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Ferdinand de Lesseps on November 30th, 1854, and again op 
January Sth, 1856, and ratified by the firman ot the Sultan of 
furkey on March 19th, 1866. ‘the Company was floated ip 
October-November, 1858, and provided with Statutes containing 
78 articles. 

The tunctions of the Company are carried on by three main de- 
partments, namely: the Administrative Department, the Transit 
Department, and the Works Department; for convenience of 
the last two, the Canal has been divided into three sub-zones, the 
first trom Port Said to Kantara, the second trom Kantara to the 
Great Bitter Lake, and the third from the Great Bitter Lake to 
Port Tewfik. Each sub-zone is about one-third of the length ot 
the Canal, and responsibility for it rests on Chefs de Section, who 
reside respectively at Port Said, Ismailia, and Port Thewfik. The 
main legal and administrative offices of the Company are in Paris 
and the principal permanent officials are the General Manager and 
the General Secretary. Since British traffic represents about half of 
the total tonnage passing through the Canal, and because the 
British Government is the chief individual shareholder, the Com- 
pany has an Agency in London. 

Administration ot the Company is by a Board of Directors com- 
posed ot thirty-two members “‘ representing the principal nation- 
alities interested in the undertaking.’’ The Directors are 
appointed by a General Meeting of Shareholders for a period of 
eight years; each Director must be the holder of 25 shares, which 
must be deposited with the Company during his term of office. 
As fees, 2 per cent. of the net profits of the Company earned in 
each year are divided between the members of the Board. Before 
1871 the figure was 3 per cent. 

The Annual General Meeting takes place between May Ist and 
August Ist; the last was the 91st of the series and took place in 
Paris on 21st June, 1949. A General Meeting is made the occasion 
for announcing vital decisions which have been taken by the 
Directors, and we shall later refer to this in greater detail. A most 
curious custom prevails, which must be unique at this kind cf 
meeting, that each shareholder is presented with a silver medal 
specially struck for the occasion, which may be exchanged, if 
desired, for a cash equivalent in francs. 

Contact with the Egyptian Government, represented by a Com- 
missioner, is maintained through the Agent Superieur, who is the 
Company’s chief representative in Egypj. Although the Company 
derives most of its income from Canal dues, it also makes some 
profit from the leasing of land and buildings in the harbour of Port 
Said. 


Shipping Dues and Charges 


A matter of great interest is the dues and charges levied for the 
transit of shipping and passengers through the Canal. Regulations 
governing tonnage dues and charges are set forth in Articles 22 to 
32 of the Company’s published ‘‘ Rules of Navigation,’’ to which 
are appended relevant extracts from the ‘‘ Regulations for the 
Measurement of Tonnage ’’ recommended by the International 
Tonnage Commission of 1873, and a list of additional deductions 
allowed by the Suez Canal Company. 

A special tariff is allowed for local traffic between Port Said and 
Ismailia, and half rates are allowed for shipping using only half 
the length of the Canal. Berthing dues are charged in the ports 
of the Canal for a stay longer than 24 hours, and pilotage dues in 
Port Said Harbour for ships which are not making the transit of 
the Canal. A small towage due is paid if a ship has to be towed 
or convoyed, but approved tugs engaged for this purpose are free 
of charge in passing through the Canal either to meet the ship con- 
cerned or returning from carrying out the engagement. 

All dues and charges must be paid in advance before transit in 
Egypt, Paris or London; any additional charges incurred from 
special circumstances must be paid before transit at the Company’s 
offices in Egypt. In most cases, payment of dues has been made 
in London before the ship arrives at the Canal. Suez Canal 
Certificates are issued by the authority in each country whose 
function it is to measure ships for tonnage; in Great Britain the 
appropriate authority is the Ministry of Transport, Marine Divi- 
sion. Any vessel which cannot produce such a Certificate ‘is 
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Suez Cunal -continued 


measured by tne Company’s officiais in conformity witn the 
Consiantinople Commissions rules, and these measurements are in 
force as a basis until the Suez Cana: Certihcate has been ob:ained. 

Measurement or tonnage, as iaid down by the Commission, bears 
no relation to the weight of the cargo carried or the space which it 
occupies in the vessei. Calcuation is per ton of capacity on the 
pasis of the tormula: ‘‘ The gross tonnage or total capacity of ships 
comprises the exact measurement o1 ail spaces (without any ex- 
cepuon) besow the upper deck, as wel: as of ail permanently 
covered and closed-in spaces on that deck.’’ To arrive at net 
tonnage, wnich is liable tor dues, certain deductions have to be 
made; these relate to measurement of spaces taken up by the engine 
room, light and air casings, bunkers, navigation spaces, living and 
sleeping quarters of officers and crew, and so torth. 

At present Suez. Canal dues are 39 Egyptian piastres, or 8 
shillings per Suez net ton for loaded ships, and half that amount, 
or 4 shiliings, per Suez net ton for ships in ballast. Passenger 
dues are 8 shillings for passengers above twelve years of age and 4 
shillings ior passengers between the ages of three and twelve, 
passengers under 3 years old pay no dues. Officials of the Com- 
pany have only to check the ship against the Suez Canal Certificate 
to make sure that no exempted space is being used for cargo carry- 
ing; it is an obligation on every shipowner to declare the nature 
of the load, its place of origin and destination, and such informa- 
tion enables vital statistics of world-wide interest to be compiled. 


Route oc tne Canal 

The sketch map snows the course ot the Canal, whicn has a 
statue ot its creator, Ferdinand de Lesseps, at the Mediterranean 
entrance at Port Said. Betore the Canal was cut there was nothing 
in this region but tae marshes of Lake Menzaleh, and Port Said is 
entirely built on iand reciaimed by filing in the marsnes with 
material excavated trom the harbour. Betore the canal was con- 
structed, tne Bitter Lakes had been empty tor many centuries. The 
Great Bitter Lake is a sheet ot water 103 miles long and 5} miles 
wide and the Canal breaks off here and resumes its course at the 
end of the Lake. The Little Bitter Lake is shallow, having a 
depth of only a tew teet on either side of the Canal channel. At 
Chalouf the Canal crosses the old caravan road to Mecca, which 
on the west passes along the toothills of the Ataka range towards 
Cairo where the Cairo-Suez Railway also runs; the Canal does not 
touch Suez but continues to the east. Behind Suez is Fort 
Napoleon where a mid-day gun is fired every day, and near which 
are the ruins of the ancient town of Clysma. 

Since it was first constructed, the Canal has been continually 
improved in order to keep pace with the demands of world ship- 
ping. Although its length has not changed, being 101 statute miles 
from Port Said lighthouse to the southern end of the quay of Port 
Thewfik, the roads at each end have been lengthened; at Port Said 
they are now four miles long as against one-and-a-quarter miles, 
and Suez Roads are now two-and-a-third miles as against 1,300 
yards. When first constructed, the width of the Canal at the 
bottom was 72-ft. and its depth was 26-ft.; there are eight passing 
stations for ships, where the width of the channe] at the bottom was 
89-ft. Some 87 miles of the Canal are in a straight line, and there 
are fourteen curves over the whole length. 


Improvements Carried Out 

The first scheme of improvements was in 1876, when the passing 
Stations were enlarged, curves were eased, and the channel was 
widened to 92-tt. in the stretch between the Bitter Lakes and Suez. 
The Canal runs at sea level throughout its length, and tidal currents 
irom the Red Sea have caused considerable trouble, demanding 
Widening of the Canal on a large scale; before this was done, a 
three-knot current would force a large ship against the banks and 
thereby increase the difficulties of navigation. Tide at the 
Mediterranean end is negligible. 
_ In 1885 the first general works programme was undertaken and 
It was completed in 1898; plans for improvement came before the 
International Consultative Technical Commission, comprising 
twelve experts from various European states qualified to advise 


on such matters. This committee meets every year in Paris in 
Ox ober aii 
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time taken for tying-up manoeuvres would 
now cause delays varying from 12 to 24 
hours. It has therefore been found necessary 
to group ships in convoys of varying size 
which cross in the natural lakes along «he 
Canal; however, as there is still in the 
northern sector of the Canal a stretch of 
about 60 miles without any widening, ‘he 
Company has recently decided to cut oui of 
the desert a 6-mile-long by-pass canal about 
30 miles from Port Said which will allow 
convoys to cross in complete safety. The 
work is formidable, involving the removal! of 
nearly 18 million cubic yards of soil and wil! 
take about one-and-a-half years to complete; 
the new by-pass will reduce by several hours 
ihe time that ships have to wait for a convoy 
to torm. The new work has been entrusted 
to a French group of five contractors, total 
value of the contract being 1,650 million 
French francs. Tankers will thus be able t 
transit through the Canal under the best 
possible conditions of safety, since they will 
no longer be compelled to pass alongside 
other ships. They will also gain in speed, 
since with tanker traffic increased to even 








Driving Steel Piling for new revetment to west bank, Suez Canal. 


Under the first works programme the Canal was widened over 
its entire length to 121-ft. at a depth of 26-ft., and the depth itself 
was increased first to 28-ft. and then to 29-ft. The work did not 
stop there, and during the decade 1898-1908 the passing stations 
were widened to 149-it., and the channel was deepened to 33-ft. 
In 1908 the channel was widened to 148-ft. over its whole length 
at a depth of 33-ft., and deepened to 36-ft.; this work was com- 
pleted in 1914. 

By 1912 the size of ships using the Canal had increased to such 
an extent that a new programme was adopted even before the 
current one had been completed; it was delayed by World War I, 
but in 1924 it had been finished. The main object of this new 
programme was to allow the passage of vessels having a length up 
to 720-ft., a beam up to 92-ft., and a draught of 33-ft., these works 
included improvements at the roadsteads at Suez and at Port Said 
as well as in the Canal itself. The channel had to be deepened 
to 39-ft., the section between the Bitter Lakes and Suez being 
widened to 197-ft. to allow for the tidal currents to which we have 
already referred. Simultaneously, the sidings at and north of 
Toussoum were enlarged to the same width and adjustments were 
made in the siding in Lake Timsah, and in the various curves. 

Yet shipping still continued to make further demands on the 
capacity of the Canal, and to meet these a further programme was 
adopted in 1921, to permit of the passage of vessels up to 45,000 
tons with a draught of 34-ft.; the width of the Canal at a depth of 
33-ft. had to be increased to 197-ft. wherever it was still 148-ft. 
and at the same time the depth over the entire Canal was increased 
to 42-ft. and there were further improvements in the curves. This 
programme was completed in 1933, since when work has gone on, 
so that the surface width of the Canal now varies from 400 to 
500-ft. 


By-Pass Canal to be Cut 


The tremendous increase in the number, the draft and dead- 
weight carrying capacity of tankers coming from the Middle 
East has imposed a further heavy burden on the Suez 
Canal. At present it is very far from having reached its capacity, 
because under present conditions of navigation ships could follow 
one another at less than quarter-hourly intervals whereas in fact 
they still arrive at Port Said and Suez on an average of only one 
every two hours. It is no longer possible, as it was in former 
times, to let them proceed through the Canal individually because 
every time two ships cross, one of them must make fast, and the 


three times its present size, transit would 
still take less than 24 hours on an average, 
including delays. 

It has also been decided to deepen the Canal by 20-in. over the 
whole of its length in order to allow passage of the latest tankers 
now building with a draught of 35 to 36-ft.; this increased depth 
will also improve steering of large vessels under which at present 
too little depth remains to permit unrestricted flow of water past 
the keel. This deepening will involve the removal of 8 million 
cubic yards of soil by dredging and 800,000 cubic yards of rock, 
and will take from four to five years. It is interesting to note in 
passing that Messrs. Lobnitz & Co., Ltd., of Renfrew, recently sup- 
plied two bucket dredges to the Suez Canal Company, the largest 
of their type afloat; the same firm has supplied over 100 craft, 
mainly dredges and hopper barges, to the Company. These con- 
siderable works will be rounded off by deepening the tanker 
mooring station in Lake Timsah and by a new layout of Port Said 
Harbour where enlargement of one of the basins will allow, in 
addition to the present anchorage facilities, the berthing of 18 ships 
of 660-ft. length, as against nine ships of 330-ft. length which is the 
present capacity. 


Dredging and Maintenance Work 

All Works Programmes are carried out by the Engineering De- 
partment, which operates a considerable fleet of dredges and rock- 
breakers; maintenance involves constant dredging at Port Said 
and over long stretches of the channel where sand from the desert 
is blown into the water by the wind. This alone entails the dredg- 
ing of from 3 to 4 million cubic yards of material every year, which 
is either taken out to sea or pumped on to the banks. 

Wash of vessels constantly destroys the pitching on embank- 
ments and new types of construction are tried out from time to 
time, as a result of which the life of a section of embankment now 
averages about fifteen to twenty years. Much repair work is also 
undertaken by the Engineering Department and for this purpose 
there are repair shops at Ismailia and Port Thewfik, the main work- 
shop being at Port Fuad. This is equipped with plant for carrying 
out major repairs, including electric arc and oxy-acetylene welding 
gear. There is also a large water works which supplies the Canal 
Zone and from which vessels in transit can obtain fresh water; one 
water works serves Port Said and Port Fuad, another serves 
Ismailia, whilst a third is for Suez, Port Thewfik and Port 
Ibrahim. Water from the fresh water canal is first treated with 
permanganate of potash, then later freed from all impurities by 
being filtered through successive beds of gravel and fine sand, and 
finally chlorinated. 
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fhe Transit Department is responsible for the passage of vessels 
through the Canal; until 1887 no ships were allowed to navigate 
at night, and until 1934 tankers or ships carrying dangerous 
cargoes were also not permitted to go through the Canal at night. 
In 1870 total transit time was 48 hours 5 minutes, of which 17 
hours 8 minutes was occupied in the actual navigation; total stay 
was reduced in 1928 to 15 hours 9 minutes, and transit to 12 hours 
7 minutes. Present rate is 13 hours 45 minutes, and the fastest 
transit time is 11 hours 11 minutes. This Department comes into 
action as soon as Captains notify their agents by wireless at the 
Canal ports of the name and nationality of the vessel, whether they 
intend to go through the Canal or whether they are only stopping 
in the harbour, probable hour of arrival and duration of stay, and 
whether they are carrying a dangerous cargo. 


Navigation Regulations 

Navigation is controlled by the central office at Ismailia, which 
receives by telephone from Port Said and Suez details of the ships 
which have arrived and which intend to pass through the Canal, 
and the times of their arrival. Control is facilitated by the use of 
special charts showing the whole length of the Canal in section with 
the curves picked out in yellow, while Lake Timsah and the Bitter 
Lakes are indicated by blue bands, vertical rules indicating posi- 
tion of passing stations and every two kilometres of length, at each 
side of the chart there is a space for the name of the ship, its gross 
tonnage, draught, name of the Canal pilot on board, and the 
beam. 

Course of every vessel is plotted on the chart as she makes her 
way through the Canal, so that at any moment the authorities 
know the position of each ship; in fog or bad weather one ship 
may have to wait for others to make up a convoy, a ship from one 
direction may have to giye way to two or more ships from another 
direction, and sometimes it may be necessary for several ships to 
give way for one. Preference is generally granted to ships with a 
following current, convoys, ships carrying inflammable cargoes, 
and mail boats. The eventual aim and object of the controlling 
authority is to pass through the maximum number of vessels in 
the minimum period of time. Constant touch is maintained be- 
tween Ismailia and the fourteen Canal stations by telephone, 
signalling being by balls and cones and by the display of numbers 
on boards. Ships no longer tie up at the passings stations, and 
for this purpose mooring posts are fixed at 82-yard intervals along 
the Canal bank to which the vessels are secured by hawsers; there 
are 4,000 of these mooring posts. 


Pilots only give advice on manveuvring the ship. 


They place 
at the disposal of captains their experience and practical know- 


ledge of the Canal, but the responsibility of handling the 
ship devolves solely upon the captain If, in the interest 
of rapid manoeuvring the captain thinks it preferable to allow 
the pilot to give orders direct, manoeuvres carried out in these 
circumstances shal! be considered as having been carried out on 
the orders of the captain, and engage his sole responsibility.’’ 

Ships navigating the Canal at night must have a powerful split 
beam searchlight at the stem, enabling them to pick out the channel 
by the buoys, which are placed on either side at intervals of one 
kilometre and are fitted with reflectors. Luminous buoys are placed 
in the more difficult sections such as the curves of the Canal; they 
show a green light on one side of the channel and a red light on 
the other. 

On approaching the Port Said channel a vessel in daytime hoists 
Flag G of the International Code, or her national! pilot flag, and 
if it is night she hoists lights at the foremast head followed by 
rockets or blue lights, the effect of these signals being ‘‘ Send me 
a pilot to enter the harbour.’’ The roadstead pilot then comes on 
board and hands the captain a copy of the ‘‘Canal Rules of 
Navigation,’’ printed in both French and English. The pilot also 
gives the captain a pilotage form which has to be filled in and 
given to the pilot when he leaves the vessel; as soon as the channel 
is entered the ship must display her commercial number in the 
International Code, and a specific signal to indicate what class of 
vessel she is. On reaching the harbour the ship is directed to her 
mooring berth by signals from the Company’s office; having made 
his ship fast, the captain must go ashore to see his agents and 
arrange for payment of dues and to give relevant information 
producing the Suez Canal Certificate and bill of health. 

In bad weather transit radio communication is maintained be- 
tween shore and ship, the Company’s wireless station being used 
only for messages affecting transit of vessels. A third pilot takes over 
at Ismailia which is reached in about Six hours, and he remains on 
board until the vessel reaches the end of the Canal at the Red Sea. 

A good idea of the present state of the Canal has been set forth 
in the most recent Annual Report; this refers to the 91st Annual 
General Meeting and was published on June 25th, 1949. The year 
1948 is noteworthy as witnessing the recovery of its pre-war position 
by a return to more normal conditions, the curve of traffic showing 
a considerable upward trend over that passing through before the 
recent war. 





Special care has to be taken in navigat- 
ing very large vessels through the Canal, 
although recent works have greatly faci- 
litated transit; should a large vessel get 
into difficulties through a high wind, there 
are powerful tugs developing 3,000 horse- 
power available to help them, one stationed 
at Port Said, one at Ismailia, and a third 
at Port Thewfik. Every vessel of more than 
500 gross tons must take on board three 
successive pilots, one for Port Said Roads, 
one for the section of the Canal from Port 
Said to Ismailia, and one for the section 
from Ismailia to Suez. There are about 150 
pilots regularly employed, 35 stationed at 
Suez, 55 at Ismailia and 55 at Port Said, 
of whom about 20 younger ones are ex- 
clusively employed in the roadstead, one- 
third of the pilots being of British nation- 
ality. The number of pilots is being in- 
creased to 170, of whom about a third will 
be British. Each pilot works on his own 
section of the Canal, and when he has 
piloted his ship to the point where his relief 
takes over, he then returns by road or rail 














to his base. Article 3 of the ‘‘ Rules of 
Navigation ’’ reads: 





Port Said: Fishing Harbour and Promenade Jetty, 


























Entrance to Port Said Harbour from Port Fouad. 


Increase in Traffic and in Size of Ships 


During 1948 there was an unprecedented growth of traffic, 
mainly caused by the increased oil shipments from the Middle 
East. The volume of dredging was 1,756,000 cubic meures tor 
the year, substantially similar to the amount dredged during 1947; 
restoration of stone pitching, suspended during the war, was con- 
tinued at a pace only slightly affected by lack of raw materials. 
Tnree kilometres of pitching was reconstructed. 

Deveiopment of the seventa improvement programme was 
undertaken during the war; the sixth programme, planned in 1921 
and consummated in 1934, had been carried out with the objective 
of permitting the passage through the Canal of vessels with a 
maximum beam of 94-ft. 3-in. and drawing 34-ft. of water. But 
this programme no longer meets the requirements of international 
shipping, characterised by the growth in dimensions of ships and 
by tremendous increase in traffic. The seventh works programme 
is therefore concerned with providing facilities for a greater number 
of larger vessels than hitherto. 

Firstly, increased draft has reduced the clearance beween the 
keel of a ship and the bottom of the Canal, thereby making steer- 
ing more difficult; in the case of certain vessels now on the stocks 
—notably large oil tankers—it may have the effect of prohibiting 
their passage through the Canal, unless adequate depth is pro- 
vided. It has therefore been necessary to provide for a general 
increase in depth of 50 cms., which will permit the passage of 
vessels drawing 36-ft. of water as against the present 34-ft. These 
works will take five years and will involve 7 million cubic metres 
of dredging, apart from maintenance dredging, to which must be 
added the removal of 600,000 cubic metres of rock. 

Secondly, the problems raised by the growth of ships using the 
Canal have been rendered more complicated both by the increased 
beam and by the increase in traffic; the latter has increased from 
a daily average of 10 vessels in 1921, to a daily average of 30 at 
present. The passing of two ships in the Canal itself means in 
effect that one is moored to the bank; in other words, the number 
of these invariably complicated manceuvres increases as the square 
of the number of vessels in transit, while the difficulties increase 
in direct proportion to the dimensions of ships. 

Grouping of vessels in convoys has been adopted as a means of 
reducing the difficulty of vessels passing each other; but in order 
to avoid delay to ships at the entrances to the Canal, it has be- 
come necessary to improve the passing of convoys, and this is the 
second objective which it is hoped to achieve. The Great Bitter 
Lake provides a natural crossing place at a third of the distance 


from Suez to Port Said; the seventh programme is therefore , 


concerned with a by-pass canal (to which we have already 
referred) on the second third of the Canal’s length, which will be 
about 11 kilometres in length and will entail 2,500,000 cubic 
metres of dry excavation and 11,000,000 cubic metres of dredging 
which it is hoped to carry out within a period of two or three 
years. This programme will be completed by the deepening from 
10 to 12 metres of mooring for tankers in Lake Timsah and the 
provision of new mooring posts in Port Said to facilitate the 
marshalling of convoys. 
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Renewal Programme in Hand 


A very important renewal programme has been undert: en 
during tne year, to correspond witn the increased traffic and the 
improvement works carried out in the Canal. Four new tugs have 
been acquired to deal with the growth in number and tonnag» of 
ships to be handled in the basins at Port Said, A suction drecger 
was begun in 1948 and wiil be finished at the end of this , «ar; 
orders have been placed for hoppers, motor launches, patro] 
vessels and motor boats needed for the transport ot pilots. 

The generating plant at Port Fuad is more than thirty years 
old, and cannot at present satisfy the growing demand for electric 
power. New plant is therefore to be installed, comprising three 
Diesel-driven generators. Volume of filtered water distributed 
during 1948 was about 12,660,000 cubic metres, an increase of 
720,000 cubic metres over the previous year, which has 
necessitated further extension of filtration units at Ismailia. 

During 1947 a vessel in transit through the Canal collided with 
the El Ferdan bridge, which was built during the war by the 
British Army on the understanding that it would be removed at 
the end of the war. The Suez Canal Company, realising that it 
was a danger to navigation pressed hard for its removal, but as 
the Egyptian Government was anxious to maintain military com- 
munications during the trouble in Palestine, the bridge was rebuilt 
and opened to traffic in January of this year. The Company still 
continues to emphasise the dangerous character of this bridge, 
quoting two serious accidents which have occurred within a few 
months. They have pointed out the need for replacing this bridge 
by a work which will not interfere with navigation, and the matter 
is being carefully studied by the Egyptian railway authorities. who 
at one time favoured the construction of a tunnel below the Cana!, 
but have now abandoned the project. 


Recent Trade Statistics 


Traffic through the Cana] during 1948 reached a record figure, 
with a nett tonnage of 55,081,000 and 8,686 transits; this repre- 
sents an increase of 50.6 per cent. over the record year of 1947. 
Progressive increase trom year to year is due entirely to com- 
mercial traffic and above ail to tankers, which represent 60 per 
cent. of the total in contrast to 44 per cent. during 1947 and only 
17 per cent. in 1938. Tonnage of vessels other than tankers has 
increased by only 11 per cent. over that’ of 1947 and still remains 
less than 16 per cent of its pre-war level. British shipping leads 
the world in tonnage passing through the Canal, but it shows a 
reduction from 47.2 per cent. in 1947 to 37.6 per cent in 1948, 
as against 50 per cent. of the total tonnage in pre-war years. 
American tonnage has decreased from 20 per cent. to 15.1 per 
cent., but remains considerably higher than it was before the war. 
Military traffic has been reduced by more than half in a year, 
representing only 3.7 per cent. of total traffic, equivalent to the 
pre-war level. Average tonnage of vessels in transit has been 
8,547 tons, an increase of 3.5 per cent over 1947, average time of 
transit being 13 hours 46 minutes, approximately the same as in 
1947. Finally, the total number of passengers has decreased from 
587,135 to 454,864, the reduction of military traffic being 37 per 
cent. 

















View of Port Said from Lighthouse. 
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Cargo traffic during the year has totalled 49,369,000 tons, being 
61 per cent. above 1947 and exceeding the figure tor 1929 by 43 
per cent.; a north-south traftic ot 9,716,000 tons, shows an increase 
of 24 per cent. on the 1947 tonnage and or 13 per cent. above the 
a\crage pre-war level. Principal cargoes which have reached new 
records are: cement, mainiy consigned to ports on the Persian 
Guli and on the East Coas! of Airica; salt, mainly shipped to 
Japan; machinery, exported to India, Australia and to the Persian 
Gulf. There has also been a renewal of coal traffic which has in- 
creased to 200,009 tons, of which two-thirds is British coal as it 
vas betore 1939. 

in the south-north direction, cargo tonnage has shown an even 
greater increase. With 39,653,000 tons it exceeds that oi 1947 
by more than 75 per cent. and is double the average pre-war ton- 
nage. This result is entirely due to the oil tramic, which has 
more than doubled in twelve months. This tonnage amounted io 
28,937,000 of which half was crude oil and comprises 73 per cent. 
ot the total cargo traffic in this direction, as against 61 per cent. 
in 1947. All exporting centres have increased shipments, 
especially Kuwait and above all Saudi Arabia, in greater propor- 
tion than those from Iran. Oil has be. shipped to three main 
buying centres: Great Britain and France each absorbed 20 per 
cent. of the total; but the countries of Nora America have also 
been prominent importers of oil from the Middle East, absorbing 
more than 4,000,000 tons, whereas in 1947 only 643,000 tons of 
oil were shipped to this part of the world from Suez. Other cargoes 
in the south-north direction have not increased at the same rate 
as oil, the total tonnage having increased by only 20 per cent. in 
a year and remaining less than 25 per cent. of the average before 
1939. Although there has been a remarkable increase in ship- 
ments of cereals, these have amounted to only three-quarters of 
the average pre-war tqnnage. During 1948 there was a revival of 
international grain traffic, owing to the surplus Australian wheat 
crop resulting from an exceptional] harvest. European countries 
received this increased tonnage through the Suez Canal in greater 
quantities than before the war. Textile shipmerts have also in- 
creased by 16 per cet. over those for 1947, but still leaving the 
tonnage below that of 1939. 

Shipments of rubber have reached a new record. The same 
applies to sugar; in spite of the disappearance of Java as the 
principal exporter through the Canal. Various producing 
centres, Queensland in particular, have contributed towards a 
tonnage which exceeds by a‘ third the average pre-war shipments. 
Traffic in metals and minerals was not so heavy, being slightly 
less than the average for the period 1933 to 1937. 

The countries around the Persian Gulf occupy a more importa 1 
place than ever as contributors tc traffic through the Canal, re- 
presenting 60 per cent. of the total. Trade with these parts has 
doubled in twelve months, the export of 14,500,000 tons of oil being 
counter-balanced by growing imports for the industrial equipment 
of these countries. India and Pakistan occupy second place, but 
their traffic through the Canal has grown by only 1 per cent. in 
twelve months, and does not represent more than 11 per cent. of 
the total. On the other hand, the Australasian trade represents 
3,200,000 tons, exceeding by 91 per cent. the figure for 1947 and 
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being 12 per cent. of the pre-war maximum tonnage. This in- 
crease is entirely due to exceptional exports of wool, sugar and 
above all cereals 

There has also been a substantial increase of about 80 per cent. 
in trammc irom countries which suffered most heavily in the war: 
the East Indies, French Indo-China and Japan. [rade with 
these countries meanwhile remains substantially below the pre- 
war level. Trade between Suez and America nas increased by 
60 per cent, in a year, and be.ween Suez and Nori Atrica by 
nearly 50 per cent. These represent hive-.o.d and tnree-fold in- 
creases respectively over the maximum trade before 1939. 
European trade, although it contributes to ie exteat ot 80 per 
cent in the general increase, represents omiy about 60 per cent. 
ot the 1937 volume, ut the oi! saipments are deducted. 

inmree main conclusions can be drawn irom an analysis of the 
trarnc in 1948. Firstly, abnormal movements o1 warships and of 
passengers connected with war operations have lost their import- 
ance and have returned to their average pre-war level. Secondly, 
it confirms European economic recovery, and demonstrates a 
fortunate revival in trade with the Far East in spite of political 
difficulties; the inter-change of raw materials and finished pro- 
ducts, characteristic of the beginning of this century, showing a 
noteworthy increase. Thirdly, new avenues of trade are opening 
up as a result of new fields of economic activity, traffic wii East 
Atrica being a good example. Then there is the trade with the 
Persian Gulf, which depends upon oil production. 

There is every indication that oil production will increase con 
siderably in these parts. Without doubt the export of oil from 
the Middle East to the U.S.A. will show some reduction during 
1949 as a result of improved market conditions in the United 
States with consequent reduction of oil imports from the Middle 
East. The probable resumption of activity in the refinery at 
Haifa will also tend to reduce oil shipments through the Canal. 
In the meantime it seems probable that shipments for 1949 will b: 
substantially greater than for 1948. 








Amsterdam and German Competition. 

Last year 3,305 vessels, of 3,349,000 tons, entered the port of 
Amsterdam, compared with 3,464 vessels, of 4,664,000 tons, in 
1938, and it is alleged by the Dutch authorities that this serious 
decrease in traffic is largely due to the re-opening of Hamburg 
and Bremen after the war. In an endeavour to recover some of 
the trade, a new two-way canal is being constructed, which will 
halve the present travel time between Amsterdam and the German 
frontier on the Rhine. The canal, which is being built with thx 
help of Marshall Aid supplies, begins below Utrecht and uses the 
Lek and Waal rivers to Tiel, where barges enter the Rhine, and it 
is expected the work will be completed by about June, 1951. To 
further increase the efficiency of Amsterdam, port equipment is 
to be modernised and modern warehouses are being built and 
existing ones are being enlarged. Practically all war-time damage 
which the port sustained during the recent hostilities has now been 
repaired. 
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International Transport 


Obstacles to Free Flow ot Trafhe 


In his presidential address, which was delivered at a meeting of 
the Institute of Transport on October 17th last, Brig.-Gen. Sir H. 
Osborne Mance dealt in general terms with the subject of Inter- 
national Transport and referred to developments which are of 
considerable importance to the United Kingdom. 

The President first considered the differences international 
frontiers made to transport. He pointed out that the segregation 
of transport systems into national territories restricted the free 
play of economic forces which would normally influence develop- 
ment in a single system. As a result some countries were starved 
in transport and others equipped up to the hilt. Foreign enter- 
prise, to which so many countries owed their transport systems, 
was now almost universally discouraged by the States most needing 
it. Uneconomic routes and services were established simply to 
ensure that certain channels of communications important to the 
national economy lay wholly within a State. The construction of 
strategic lines of communication still further distorted the layout 
which would have developed in the same area in the absence of 
international frontiers. 

After briefly mentioning the hindrances to transport caused by 
such obstacles as customs, passport formalities, currency control, 
etc., Sir Osborne referred more specifically to the deliberate use 
by a State of its means of transport as an economic or political 
weapon. With State-owned railways, Continental Governments 
tended to subsidise their national industries, their ports or their 
shipping by uneconomic railway rates, that was to say, rates lower 
than would be granted by the railway as a business undertaking. 
Such practices vitiated the Customs regime and disturbed the 
application of commercial treaties, besides standing in the way of 
real freedom of communications, which was a general interest. 
They prevented the managements of transport undertakings from 
measuring their operating and commercial efficiency by financial 
results. 

Another instance of the same kind was discrimination in favour 
of national means of transport, in particular flag discrimination 
against foreign shipping, whether by direct legislation granting 
privileges to national shipping even to the extent of lower import 
and export duties, or by the granting of concealed railway rebates 
as part of combined tariffs over rail and sea. These discrimin- 
ations were not the same thing as open subsidies paid for out of 
the national revenues, to which other considerations applied. 


Western European Unity 

Referring to the recent discussions on the possibility of a Western 
European Union, the speaker pointed out that up to now every. 
country had considered its own transport problems on the basic 
assumption of its complete national sovereignty. International 
agreements had been arrived at only where transport could not 
function without them or where there had been obvious immediate 
advantages to all the participating countries. | But if Western 
Union meant anything, it meant some pooling of sovereignty. It 
meant that transport, among other questions, would have to be 
considered in the light of the interest of the wider community. 
In short, it meant co-ordinating the previously competing national 
transport systems. That was a different question from the co- 
ordination of the different means of transport, but it would be 
evident that the international co-ordination of transport systems 
would be more difficult if the countries concerned had adopted 
divergent national policies for the co-ordination of their different 
means of transport, 

Sir Osborne went on to say that all this was delicate ground 
where it affected the existing strong competition between national 
transport systems, for example, between ports and transit routes. 
It was important to remember that even complete political union 
would not remove much of this competition, which was as 
legitimate as the competition between two ports in the same 
country. The fundamental difference was that in a unified system 
any government intervention would be exercised in the economic 
interest of the whole area, whereas the governments of different 








foreign countries would not hesitate to render, if necessa y, 
uneconomic assistance to their own transport system for the s. xe 
of the direct or indirect national benefits which were expected to 
result. The ideal of international co-ordination of transport \.as 
that international traffic should pass in the way it would do if the 
whole of its journey took place in the same State, 

How far European States would move towards the pooling of 
sovereignty and whether and in what way this country might be 
involved, were political questions outside the scope of his address, 
However, he urged that it was up to transport people in tis 
country to get to work with some hard thinking and mutual cis- 
cussions with their European friends to study the practical 
implication for transport of the various degrees of economic or 
political association which might eventuate. It might be that 
transport could give a lead in working out measures which could 
be applied in gradual stages, starting perhaps from closer co- 
operation in the present conditions of independent sovereignties, 
but capable of evolution pari passu with closer union. = It was 
evident that as and when transport was organised for the bencfit 
of a larger area there must be freedom of movement of capital 
and personnel to enable transport undertakings to adjust them- 
selves to the new conditions. That involved abolition of currency 
restrictions within the area and possibly some unification of the 
customs régimes and citizenship. 

He suggested that some original research was needed and that 
this should start with the study of the transport organisation and 
policy which might be adopted in the ultimate case of complcte 
pooling of sovereignty in matters of transport of every kind. With 
such a background, we were less likely to go astray in working 
out the intermediate stages corresponding with the gradual pooling 
of sovereignty. 


A European Transport Authority 


The International Transport Workers’ Federation had recently 
proposed that the Western European Union should set up a 
European Transport Authority. This authority, among other 
matters, would exercise economic functions including finance, 
capital investment, control of rates and fares and the allocation of 
traffic. It would issue directives to all transport agencies. The 
constitution of the authority was left for further study. 

Such a proposal, said Sir Osborne, was admittedly not practical 
at the present time, as it involved considering the possibility of 
unification of all or part of the transptrt systems of the Union. 
Undoubtedly transport would be one of the subjects controlled by 
any joint political body. With a common economic and com- 
mercial policy, including a policy for the co-ordination of the 
different forms of transport, the subjects of tariff policy, finance 
and development might well be directed by some central body. 
On the other hand, operation would have to be decentralised. As 
regards railways, this would tend to be on the basis of present 
national systems, if only on account of the language difficulty. 
The same considerations would probably apply to the upkeep of 
inland waterways and roads. Control of inland waterways 
operators would, however, be a different matter, as they could 
move about in any part of the Union territory under regulations 
which would presumably be uniform. The form of control of 
these operators would depend on the Union policy as regards 
nationalisation and as regards the co-ordination of the different 
forms of transport. 

He thought it would probably be too much to expect each mem- 
ber of the Union suddenly to adapt itself to a new economic policy, 
the executive of which might at times run counter to its immediate 
local interests. Thus, in any political central body set up to con- 
trol the operation of a unified system, there was likely to be internal 
friction which would prevent the quick and clear decisions required 
for the efficient operation of any commercial service. A possible 
solution was to entrust the management of the technical and 
commercial operation of any system extending over more than one 
State of the Union to an independent commercial corporation 
enjoying identical concessions from all the participating States 
and operating on a purely commercial basis. Such a corporation 
would resist uneconomic proposals made to it for political reasons, 
and in its own interest encourage the maximum development of 
its system. A plan on these lines would have the advantage of 
not being dependent on the full merging of sovereignty. 
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Reviews of Foreign Books 


Within the last few months quite a spate of foreign technical 
literature has reached these offices. This is all to the good, as 
the mutual and free dissemination of professional practice and 
scientific development is one of the blessings of peace. Incidentally, 
it is also an indirect tribute to the far-flung and universal distri- 
bution of this journal, The under-mentioned books are, generally 
speaking, of great practical usefulness for those people of 
linguistic accomplishments. It is not so much newness or 
modernity of methods which these books outline so much as the 
difference of the ways of attaining similar ends, The comparison 
often assists in improvement on our ways of working. For 
example, a booklet of 60 pages on Timber Buildings constructed 
with the use of nails, or spikes, at the connections, is unusual and 
instructive. It is well illustrated with 60 detailed figures and is 
written by Professors Fourobert and Stoy. It is published at 3.60 
marks by Wilhelm Ernst and Sohn. Another book by the same 
publisher, and written by Professor Wilhelm Mueller, on Earth- 
works for road and rail, covers a wide and comprehensive field. 
Unfortunately it is poorly illustrated, the author do doubt pre- 
suming on a prior knowledge of the reader. The text, however, 
is exhaustive. It is priced at 19 marks. 

A finely produced book of a more cultural type is published by 
the Swiss firm of Verlay Birkhauser, Basle, on the History of 
Structural Engineering. It is written by Hans Straub, contains 
285 pp, 77 good illustrations, and costs 22.50 Swiss francs. The 
book traces down the ages the practice and development of the 
building art from the engineering angle, following the steady 
growth of mathematical application in the solution of problems 
of construction. The examples have been selected from antiquity 
to the present day with taste and discernment. 

A work of a totally different nature is the book written by Pro- 
fessor J. Lamoen, the able Director-in-Chief of the Belgian 
Government Hydraulic Research Laboratory at Antwerp. It deals 
with experiments with reduced models on Submerged, or Over- 
flow Weirs. There is a great fund of data and technical 
argument, but written, in French, with the author’s usual facility 
for simplification, one immediately comprehends the scientific 
thoroughness of the work. The studies were undertaken to investi- 
gate two particular schemes: the barrage of Grosses Battes and the 
barrage of Eupen on the River Vesdre. The results of his re- 
searches are of wide and general application, and in this volume 
he has taken the opportunity to examine in detail the effect of 
scale divergencies. R. R. M. 
La Houille Blanche—Special Number A/1949. Grenoble (1); 

La Houille Bianche, No. 4, July-August, 1949. Grenoble (2); 
La Technique des Travaux, No. 7-8, July-August, 1949. 
Liege (3). 

The following items in these journals are of special interest to 
those concerned with harbour matters. 

In (1) a good summary by M. Nizery of the 1948 Stockholm 
papers on the movement of bed load in streams, an article by M. 
Biesel on ‘‘ Wave Filters ’’ and another by M. Remenieras on elec- 
trical methods of study the behaviour of porous soils. The first 
two have been previously noticed in the ‘‘ Dock and Harbour 
Authority.’’ The third is of particular interest to students of soil 
mechanics, touching on the subjects of flow-nets and clay consolida- 
tion. 

Under (2) will be found several important matters. There is 
an article by Dr. Uppal of India on a method of determining sur- 
face flow lines in rivers and canals by photography. A daylight 
picture is taken of the waterway and the exposed plate is re-exposed 
at night to include trails of lighted floats. Numerous actual ex- 
examples are given and the method appears excellent. A similar 
system can be applied to models. The paper is in English, as well 


ua 


as in French. 
Next appears a valuable contribution (English and French) on 
th apparatus used in the Delft laboratories for measuring waves. 


There is then a useful note on backwater functions by M. 
d’ Auriac. ; 
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Lastly, there is an interesting discussion by M. Lacombe on 
terminology (French and English) regarding waves and currents 
{In (3) there is a description of the aluminium bascule bridge at 
Hendon Dock (Port of Sunderiand), and a particularly notable 
article on the use of Sector gates in inland waterways, by M. 


Dumas. This is very fully illustrated, extends to 34 pages and 
covers mode] research and constructional detail. A Sector gate is an 
elaboration of the ordinary miire gate, each flap becoming a vertical 
rolier dam, which is housed, when the gate is open, in a recess 
Numerous structural, hydraulic and other prob.ems arise and those 
concerned with lock gate design would do well to consult this 
paper. Full information is given as to lock gate practice in 
Flanders. Model research (to a scale of 1/15) has been very 
thorough. H. ¢ 








The Port of Trieste 
Progress of the New Development Works 
In the September issue we published a Review of Proposed 
New Developments at the Port of Trieste. Readers will be 


interested to learn that the Flour Mill and Granary mentioned and 
illustrated on page 130 of the Journal, as well as a new Transit 
Shed (No. 14) in the old Free Port, in the meantime have been 
completed, while the construction of part of one of the proposed 
large sheds at Porto Franco Nuovo was started last month. 























The photographs of Shed No. 14 indicate the modern reinforced 
concrete construction of the building with its admirable clear 
span, lighting, and elevated office overlooking the whole interior, 
together with the clear quayside space obtained by the use of 
the 1,500 kg. trussed two-legged hydraulic quay cranes. 

It is understood, if the present rate of progress in construction 
is maintained, that all the projects described in the above men- 
tioned article will be completed in accordance with the time 
schedule of the new works programme. 





The Pilferage Problem 


Recommendations of London Chamber of Commerce 

The theft and pilferage of goods in store and in transit is a world- 
wide problem; in fact, losses abroad are even greater than those at 
home. In an endeavour to help to find a soiution a Conterence 
was recently convened by the London Chamber o: Commerce, 
under the Chairmanship ot its President, Sir Frank Newson-Smitn, 
Bt., and was attended by representatives of commercial interests, 
port authorities, railway and road transport and the police forces. 
It examined the whole problem and decided to set up a small 
committee to study and co-ordinate the various steps being taken 
and any proposals that might be made in the future to reduce theft 
and pilferage toa minimum. This Co-ordinating Committee com- 
prised the Chamber of Shipping, the Dock and Harbour Authori- 
ties’ Association, the Institute of London Underwriters, Lloyd’s 
Underwriters Association, the National Road Transport Federation, 
the National General Export Merchants’ Group, the Traders’ Co- 
ordinating Committee on Transport and the Railway Executive. 
After due deliberation, the Committee compiled a booklet in which 
they make a number of practica] suggestions about the precautions 
that should be taken by traders to safeguard their goods against 
pilferage. 

The booklet, which was published at the end of September, states 
that the Committee came to the conclusion that the fundamental 
point to be taken into account was not so much what action could 
be taken at each stage in the transit and storage of goods, but the 
condition of the goods at the time of despatch and the manner 
in which they were sent forward. It was immediately recognised 
that one of the ways to defeat the pilferer was to make sure that 
the goods were well packed, that they were kept moving, and that 
there was the least possib-e indication of contents. If all these 
conditions could be fulfilled the pilferer’s opportunities to steal 
would be reduced 

The Committee is confident that with the full co-operation of 
manufacturers and suppliers, important progress will be achieved 
in making it more difficult for the pilferer to operate. If goods 
start on their journeys well protected they have a far greater pros- 
pect of reaching their destinations intact, whether that is at home 
or overseas. 

What the Manufacturer or Supplier can do 

Many of the suggestions are acknowledged to be elementary, 
but by being so simpie, are casiry overlooked or takea for granted. 
It is for this very reason taat attention is particularly drawn to 
them. There is no doubt that whatever trouble is taken in an 
organisation to secure compliance with every small detail of pack- 
ing and despatching procedure, it is never wasted. 

lf an excuse were needed for the emphasis which is being given 
to the value of efficient packing and despatching, it is the realisa- 
tion that the thief cannot carry out his work unless he is given the 
opportunity to do so. Every one of many details overlooked or 
done carelessly may provide this opportunity. It is often a com- 
bination of things left undone or done badly that is important. A 
damaged case in itself may be an invitation to the pilferer, but his 
chance to accept the invitation depends upon the time factor. A 
case which is sent out insufficiently labelled or documented is more 
liable than any other to be held up in transit and incorrectly de- 
livered. When the goods are stationary then is the time the pilferer 
can set to work. 

Packing and Securing 

It is well known that packaging materials are in short supply and 
that traders find difficulty in obtaining sufficient and satisfactory 
pew materials for packing their goods. Neverthe'ess, the practice 
o: “‘making do”’ with unsuitable packaging should be dis- 
couraged, and every effort should be made to ensure that the 
material used is adequate for the purpose. 

The importance of correct labelling cannot be over-emphasised. 
Faulty or dual labelling may lead to wrong loading and arrival at 
the wrong destination. Where possible, it is desirable to address 
the package with lettering large enough to cover the whole of one 
side. This will prevent the pilferer altering a label or sticking 


one bearing another address over the original. 
Packers are advised to consult the British Standard Packaging 
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Code (B.S. 1133) which has recently been issued and is obtaina\le 
irom the British Standards Institution, Sales Department, 
Gillingham Street, London. 

Although the need to use standardised containers makes it di ti- 
cult to overcome the disadvantage of easy recognition, packaves 
containing highly pilierable goods should be camouflaged if 
possible. Prominent indication of the contents should be avoided 
and slogans or advertising matter which promote temptation should 
not be used. 


Points of Special Importance to Exporters 

lt will be realised that it is even more important for export 
goods to be securely packed. The use of second-hand containers 
should be avoided wherever possible, but in the event of no altern- 
ative being available, it is essential to ensure that such containers 
are used with the greatest possible efficiency. 

Not only have the goods to withstand the rail and road journey 
to the ports, but they have to undergo handling on loading on to 
the ships and then off-loading at their port of destination. The 
opportunities for damage are greater, and for theft and pilferoze 
more numerous, especially abroad. Moreover, packing often 
has to stand more rigorous weatier conditions, including extremes 
of heat, wet and cold. Thes> considerations throw into relief the 
urgeni need to keep the good: ::oving until they reach their final 
destination; hence the importance of good documentation. 

Experience has shown that many commodities are received tor 
shipment in fragile carton containers. Additional security would 
be afforded by means of the cross banding of such packages with 
wire or hoop iron. 

Advertisement on containers is an open invitation to the 
pilferer. It is far better that goods should reach their destination 
safely than that manufaciurers’ advertisements should be dis- 
played upon empty or stone-filled cases. The port authorities 
state that railway waggons arrive at the docks bearing large labels 
of the type, ‘‘ More . . . for export.’’ This gives definite know- 
ledge to those so minded who have the opportuni‘y to break into 
waggons which they know to contain the goods which they require. 

It is realised that the size of export packages is dictated by the 
requirements of the type of goods. Although small packages 
facilitate speedy handling they are, nevertheless, an advantage to 
the pilferer as they can easily be picked up and stowed away 
pending an opportunity to open and pilfer. 

Tendering of Cargo on Time 

Opportunities for pilferage of goods present themselves, in the 
main, not when cargo is in transit, but when for a variety of 
reacons cargo remains stationary. It is particularly essential that 
cargo for export should not be tendered to the docks before the 
advertised or agreed receiving date. Often in order to make sure 
of complying with the terms of a letter of cred‘t, shippers send 
goods forward eariy in the hope that they will be loaded early. 

It is agreed that such circumstances must dictate a shippers’ 
action, Nevertheless, it should be borne in mind that so much 
storage space at the docks was damaged or destroyed during the 
war that there is a very great shortage of secure accommodation. 
If goods are sent to the wharf for a subsequent ship while another 
is still loading, not only may they have to be stored insecurely, 
but be placed in a position out of the way of other goods being 
loaded. It may therefore happen that when the ship for which 
they are intended begins loading these goods sent forward for 
early loading will, in fact, be loaded last and even shut out. It 
is therefore to the shipper’s advantage to see that his carriers 
comply with advertised times of loading. 

Correct Completion of Documents 

While packages should not give an indication of the nature of 
the contents, it is essential that the port authorities should have 
full information of the goods, so as to permit special supervision 
being given to highly pilferable goods. Shipping notes covering 
the goods should therefore give full descriptions. Be sure that all 
shipping documents are correctly compiled. Delays in the issue 
end transmission of bills of lading, insurance policies, etc., are 
liable to occur at every stage. All concerned should therefore do 
their utmost to see that documents are collected and despatched 
at the earliest possible time so that they will reach the receive: 
in ample time for arrangements to be made to clear the goods 
immediately on arrival. 
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The efficient storage of liquids, wherever the scene may be, 
is ensured by the use of Braithwaite Pressed Steel Tanks. 


BRAITHWAITE & CO 
ENGINEERS LTD 





London Office : Telephone: WHItehall 3993 
KINGS HOUSE HAYMARKET LONDON S.W.1 


Bridges - Piers .~. Jetties + Steel Buildings + Screwcrete Piles and Cylinders. 











With the fitting of the propeller, another important 
stage is reached in the building of a ship. Just as 
this development is the outcome of searching tests, 
skilled design, and faithful adherence to a carefully 
co-ordinated plan, so is the selection and installation 
of Radar equipment. For three years CMR has 





. 


Enquiries should be addressed to: COSSOR RADAR LTD.. 
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RADAR FOR NEW TONNAGE 


COSSOR HOUSE, HIGHBURY GROVE, LONDON, N.5 













provided conclusive proof of its capabilities by giving 
invaluable service to shipping in all parts of the 
world. That is why over 250 ships have already been 
fitted with CMR, and why more and more owners 
are ordering it to be installed to help safeguard the 


future of new tonnage. 


THE GUARDIAN EYE OF SHIPPING 


Companies who have re-ordered Cossor equipment include Ellerman 
Lines, Anchor Line Limited, General Steam Navigation Co. Lid., 
British Railways, Union Castle Line and British Tankers. 
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HYDROSURVEYS TO CONTRACT 


This is a service designed to benefit those authorities who require river, coastal or other 








water surveys and lack the trained staff and equipment. The experience which 
results from the constant use of the essential precision instru- 
ments by Kelvin & Hughes’ surveyors, and the knowledge 
of how the job should be done, ensures a first-class sur- 


vey competently planned and fulfilled. 


SHORE WORK Setting out frame- 


worktocontrol the hydrographic survey. 





SOUNDING SURVEY Using 


Hughes Echo Sounder and equipment 





—surveyors observing simultaneous 
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angles to framework and obtaining three 
point fixes for determining the accurate 
position of transits during sounding 


observations. 























CARTOGRAPHY Preparing the 


final charts from the plotting sheets and 











field records. 














THE FINAL CHARTS Contain 
the information essential to the success- 
ful planning of the project in hand. For 


further information on this service please 


apply to: 














KELVIN & HUGHES 


CONTRACT SURVEY DEPARTMENT 
KELVIN & HUGHES (MARINE) LTD., 107 FENCHURCH STREET, LONDON, E.C.3 
Formerly Marine Instruments Limited 
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Renold speed increase drive from 
diesel engine to generator on a 
Canadian grain elevator — 300 h.p. by 
three strands of 1.25’ pitch triplex 
roller chain. 


~ “ 


Transmission and Conveying Chains, Wheels and Accessories for‘all mechanical purposes 


THE RENOLD AND COVENTRY CHAIN COMPANY LIMITED + MANCHESTER - ENGLAND 
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Sliedrecht 


The design of six dredge buckets, which is the trade mark of the new combination of six companies, is symbolic of their close co-operation. 
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The Dutch builders of dredges have joined forces 
to form a joint export organization. This corpor- 
ation, in which six dredge-building firms have 
joined, is known as the Industrial Trading Cor- 
poration ‘Holland’ 


The purpose is to combine technical knowledge 
and building equipment, and thereby be able to 
offer clients the economies of large-scale pro- 
duction, the highest technical standards, and the 
quickest possible deliveries. 


The principles of sectional shipbuilding have been 
introduced, so that production flows smoothly and 
scheduled production dates are closely kept to. 


In addition, newly built laboratories equipped 
with the most modern apparatus are at the 
disposal of clients. 


Enquiries for dredges of all types, cranes and 
other harbour equipment should be addressed to: 


THE INDUSTRIAL TRADING 
CORPORATION “HOLLAND” 


2 VERL. TOLWEG. THE HAGUE. HOLLAND 


Telegrams: Hollandexport Telephone : 557441 





J. & K. SMIT 






Amsterdam 
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The hazards and cost of transporting dredging 


equipment over a long distance have been solved 
by the ‘ Dee’ prefabricated dredger. All types 
of dredging and land reclamation can now be 


undertaken in any part of the World at low cost. 


WESTMINSTER DREDGING CO. LTD. 


(E. D. KALIS—MANAGING DIRECTOR) 


The Organisation with 3 Centuries of Dredging Experience 


7-8, NORFOLK STREET, STRAND, LONDON, W.C.2 
Tel.: Temple Bar 7818—9. And at BROMBOROUGH, CHESHIRE. Rock Ferry 4255 
CONTRACTORS TO THE ADMIRALTY AND CROWN AGENTS 


@ 192-47 
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COLES Electric Hoists turn man hours into 
machine minutes and keep the loads moving. 
Advantages include rugged construction, extra 


heavy duty gearing, high efficiency performance 








and low operational and maintenance costs. All 
gearing runs in a sealed oi! bath, is completely 
protected, perfectly lubricated and dust-proof. 


Coles Electric Hoists incorporate positive safety 





devices to safeguard both operator and load. 
Models for all purposes—capacities 10 cwts. to 


6 tons, for all standard A.C. and D.C. supplies. 


(British Patent 
No. 553870) 


May we demonstrate the advantages they offer? 











Coles Electric Hoists Turn Man Hours into Machine Minutes 


Send for details of Coles Electric Hoists—literature is also available on 
request for Coles Mobile Cranes and “ Electric Eel”’ Industrial Trucks. 


STEELS ENGINEERING PRODUCTS LTD. STEEL 


(Dept. 3) 14, BERKELEY STREET, LONDON, W.1. Telephone: MAYfair 1674 (3 lines) 





Regional Sales Offices and Service Depots throughout the country. 
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Model Experiments on the Belgian Ports 


of the North Sea 


By L. BONNET & J. LAMOEN* 


(Continued from page 174) 


Experiments on the Silting of the Harbour under the various 
Projected Improvements 

So far the experiments had been carried out with clear water 
mainly to verify the directions and velocities of the current dis- 
tribution throughout the harbour for the existing 1933 To state 
and the projected schemes. This gave the authors added con- 
fidence in their methods and in the model regime selected for the 
standard of comparison, in which the main general currents of 
the harbour existing in nature were closely reproduced in miniature. 
As pointed out above, it was found that the velocity of the model 
tidal current most suitable for this purpose was at the rate of 
20 cms. per sec. Now that the experiments were to go a step 
further and deal with the silting problems, using mud charged 
waters, the experimenters were forced to reconsider the velocity 
factor. To this end, a series of preliminary experiments were 
made with muddy water in a model of simple construction. These 
showed that one could arrive at practical results if one were to 
use an average tidal current velocity of 20 cms. per sec. The 
adoption of this velocity demonstrated that the silting increased 
uniformly with time in the zones of slack water not traversed by 
the general current. 

Another important factor that became apparent from these 
introductory experiments was the effect of the time duration of the 
experiment upon the results. It was found advisable to run each 
test for at least six hours for uniform results; a shorter period of 
experimentation resulted in irregularity, which was undoubtedly 
due to the fact that the setting in motion of the model, and the 
stopping of it, acquired too much importance vis-a-vis the duration 
of the current regime. 

The authors also emphasised the importance of selecting a suit- 
able time scale for the silting experiments. 

If L+1, H+h, T+t, V+v represent the horizontal dimensions, 
the vertical dimensions, the time, and the velocity respectively in 
nature and in the model, then L= VT and ]=vt 


from which t/T = 1/L x V/v 


but 1/L 1/n | 


(1) 

650 

as was shown above in discussing model dimensions, then by 
Reech-Froude’s law of similitude V/v=./m in the case where 
vertical accelerations can be neglected and 


t/T = /m/n = 8/650 = 1/81.25. 


Then theoretically this is the scale of time which logically should 
be adopted. To this the authors did not agree for this particular 
case, where the problem is that of the velocity of the decantation 
of mud under the condition that the particles of mud should 
lescribe similar trajectories in nature and in the model. 

Let S and s be the velocities of fall of mud particles in nature 
ind in the model respectively. 

Then for vertical similitude 

t/T =1/m x S/s (2) 
which differs from (1). In order that they may agree it is neces- 
sary that 

lI/n x V/v = 1/m x S/s 
from which s= S n/m x v/V 
inserting values for the model 


s=S 650/64 x 1/8 = 1.27 S (3) 


‘‘ Etude des Ports Belges de la Mer du Nord’’ Essais sur modeles 
reduits. 


Extracts from the Annales des Travaux Publics de Belgique 
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which means that the velocity of fall of the mud in the model 
water must be 1.27 times that of the mud in the actual harbour 
waters. 


S, then the time relation is 
t/T 1/64. 
Assuming the applicability of Stokes’ law, 
falling in still water experiences a resistance of w 
where ¢ coefficient of viscosity of the liquid 
assuming that it falls under its own weight then 
6e7rqgS5 43cr° (6 — 5) 9 


Now if in (2) s 


a spherical body 
6<Tr a& Vv 
and further 


where 6, and 6 are the densities of the sphere and the water res 
pectively. 


Thus s (4) 


so that the velocity of fall in water is directly proportional to 
r’, or s e% Ir*, inserting in expression (3) we get r? 1.27 R? or 
r= 1.13R, showing that the linear dimensions of the model mud 
particles should be 1.13 times those of the natural mud particles. 

Again, if the resistance to the fall is proportional to the square 
of the velocity w « v° 


4/3 zr° (6 


then : aw t k 


kar? s? = 5) g 


where k = a coefficient depending upon the Reynold’s number. 
Then in place of (3) 

r= 1.61 (k/K) R 

f(r/R) and probably s/S (r R)é 


Ol 3/5 
where P varies between the limits of 3} and 2. 


If the velocity of decantation is greater in reality than in the 
model (S >s) then t/T>1/m. This hypothesis is not improb- 
able when it is considered that, by reason of higher velocities in 
the natural waters they should contain a higher proportion of 
rapidly falling particles than the model waters. After prolonged 
investigation and experiment, the authors decided that ihe scale 
of time could not be based exclusively on theoretical considerations, 
but must be chosen so that the model behaviour would correspond 
closely with nature. In running tests with State To 1933 condi- 
tion of the harbour with muddy circulating water, a time scale 
of t/T 1/8 was found to give results corresponding to nature. 
It was, of course, appreciated that in the deposit of actual harbour 
mud, some was settled out from suspension and some from rolling 
over the bottom. Such a division in the model could not be 
realised. Hence the adopted time scale of t/T = 1/8 does not 
correspond to the theoretical t/T = 1/81.25, which is purely 
applicable to still water conditions, whereas it does make the neces- 
sary allowance for the effect of natural turbulence. 

The manner of operating each experiment was then fixed of four 
one ebb current for 47 minutes 
one flood current for 46 minutes. 
This gave a duration of 6 hours 12 minutes corresponding to 
49 hours 40 minutes in nature: each ebb receiving 112 litres per 
and each flood 163 litres per sec. with the water levels at 
(+1.07 m) and (+3.80m) respectively. From the commence- 
ment of the experiment, samples of sea-water were taken every 
15-minute intervals by inserting an open ended glass tube ver- 
tically in the water to the bottom; closing the top by a finger to 
seal it, and then withdrawing it vertically. At the end of each 
experiment of 6 hours 12 minutes, the water level was brought to 
(+1.07 m); the harbour closed by inserting a panel across the 
section from the head of the mole to the shore; the contained water 
was then agitated vigorously in order to remix the settled mud 
and distribute it evenly: samples of this were then taken. 

These samples were then passed through Schleicher filters, which 
give a constant weight of ash after incineration of 0.0014 grammes 
per filter. The filters and the contents are then dried, burned, 
calcined and weighed. The amount of loss of mud in calcination 
was first investigated, then the coefficient of conversion of calcined 
mud into dry mud was determined, as the following three samples 
show: 


successive cycles of one cycle 


sec. 
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Model Experiments on Belgian Ports—continued 


(1) Weight alter 


drying at 120° C-4,550 ers. 140°C-4,000 gers. —180°C-4,000 grs. 
(2) Weight alter 

calcining ... 3,855 grs. 3,255 grs. 3,331 grs. 
(3) Coeff. of con- 

version... 1.18 1.22 1.20 


therefore on the average, coefficient = 1.20. 


The authors noted a very important point in the conducting of 
silting experiments having to do with the change in the decan- 
tation properties of the suspended particles after use in the model 
owing to the continual passage through the centrifugal pump, 
where the larger particles were gradually broken up. To counter- 
act the bias of this tendency, the project examined was repeated 
twice, but was preceded and followed by trials of the standard, or 
comparable condition, thus: 

1. Experiment on Standard To improved. 
2. Experiment on proposed modification (as Lab. 3). 
3. Experiment on proposed modification (as Lab. 3). 
4. Experiment on Standard To improved. 

Detailed particulars of several experiments are given in the 

papers. The standard of comparison chosen was not the port as 


° 
- 


Fig. 15. State To improved. Channels deepened. Dimensions in metres. 


it was in 1933, that is State To; but the port that it was desired to 
achieve with depths of water and facilities of channel as shown 
in Fig. 15, which can be named To improved, or To imp. 

Since the experimental method adopted was based upon the 
assumption that silting increases uniformly with time, if the depth 
is not appreciably altered, some verification was required. To 
this end tests were made on the State To 1933, that is without 
deepened channels, with three runs of six hours duration, each 
proportioned at 2 x 14 hours of flood, and 2 x 1} hours of ebb. 
The results were: 


Average contents of calcined mud per litre of 

ae a ee ee 136 mgr. 
Average contents of calcined mud per litre of 

harbour water ae 2,221.2 mgr. 

From which the coefficient of silting of the harbour is: 


2,221.2 — 136 
eo = ———————— = 15.33. 
136 


This was then followed by similar experiments for a duration 
of 3 hours, made up of 1} hours ebb and 1} hours flood, repeated 
three times which gave « = 7.37. Again, this was followed by 
two experiments of 1} hours duration, in which the flood absorbed 








2? hour and the ebb ? hour giving a = 4.24. These results show 
that the amount of silting varies uniformly with time, approxi- 
mately. 

The practical methods of treatment can be gathered from ‘he 
following experiments of 6 hours 12 mins. duration each. 


Comparison run To imp. (see Fig. 15). 


Mud contents sea water 433.6 mgr. 
Mud contents harbour water 4,588.6 mer. 
a = 9.58. 
Test run State To 1933: 
Mud contents sea water... ... 472.6 mer. 
Mud contents harbour water ... 6,896.6 mgr. 
a = 13.59. 
Test run State To 1933: 
Mud contents sea water ... ... 471.6 mgr. 
Mud contents harbour water 7,598.6 mer. 
a = 15.11. 
Comparison run To imp.: 
Mud contents sea water ... ... 482.6 mgr. 
Mud contents harbour water 4,918.6 mgr. 
a = 9.19. 


From which we find that the silting in 
the State To 1933 harbour during the 6 hrs. 
12 mins. experimental run was: 

(6.8986 + 7.5986) /2 x 135.88 = 984.94 gr. 


(the volume of water in the harbour in litres 
at level (+ 1.07) = 135.88). 

Applying this result to the corresponding 
actual harbour over 49 hrs. 40 mins., we 
have: 

984.94/106 x 650° x 64 = 26,633 tons 
(metric). 

Correcting for loss by calcining: 

26,633 x 1.20 = 31,959 tons of dry mud 
which at 800 kgs. per cubic metre represents 
39,949 cubic metres, from which we get over 
a period of 30 days a volume of deposited 
mud no less than 579,257 cubic metres in 
the harbour. : 

Now the suspended mud in the model 
sea-water was (0.4726 0.4716) /2 x 1.20 
=566.52 gr. per cubic metre, which causes 
a monthly deposit of 579,257 cubic metres. 
If this amount were spread uniformly over 
the whole harbour area of 179.5 hectares 
there would result a depth of silting of 
32.27 centimetres. However the actual sea 
water in nature only contains about 250 gr. of suspended solids 
per cubic metre. 

Then, 579,257 x 250/566.52 = 255,621 cubic metres, would be 
the actual harbour deposit in 30 days, which represents a uniform 
depth of silting of 14.23 cms. per month. 

The authors give details of a long series of experiments con- 
ducted on the above lines for the various projects of improvement. 
The results confirm the validity of the authors’ assumptions. 
The following table gives the comparative figures of silting for the 
various models tested: 


Model type. Silting of 
harbour. 


Cubic metres 


Depth of silting 
in harbour. 


Centimetres 


per month. per month. 
To 1933 247,000 13.7 
To improved 312,000 17.4 
T 14 improved 220,000 17.8 
Lab. 4 improved 203,000 16.4 
M.2 improved bape ess 276,000 15.4 
To with open viaduct open 144,000 8.0 
To imp. and open viaduct 194,000 10.8 


Improved is understood to mean deepened channels, as shown in Fig, 15. 
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Model Experiments on Belgian Ports 


From perusal of the above figures, it is to 
be remarked that the project Lab. 4 gives 
the most tavourable numerical results with 
muddy water, as it did with clear water and 
current formation in the preliminary experi- 
ments. The depth of silting given was the 
average over the harbour area, and there- 
fore, in considering the efficiency of any one 
project, the probable deposit in the deeper 
parts must be considered, for generally the 
intensity of deposit is the greater the deeper 
the water. 

lhe comparison of the silting figures in the 
third column shows that with the open 
viaduct closed, none of the projects show 
any worthwhile improvement of harbour 
conditions With the open viaduct restored 
however, a considerable improvement is 
effected. 

The comparison of the related projects, 
with and without the open viaduct open to 
the sea, show close correspondence which 
leads to the conclusion that the degree of 
improvement realised by the use of the open 
viaduct is almost independent of the depth 
of the harbour. However, the outstanding 
feature of the results is shown by the figures 
for those tests with the open viaduct open, that is, a reversion to 
the original state of pre. 1929. It was a tribute to the original 
designers, but the following experiments put it in its true 
perspective. 

Projects with the Open Viaduct Open 

In view of the preponderating expert opinion which resulted in 
the closure of the open viaduct, the assumed cause of the har- 
bour’s disabilities, the authors are to be congratulated on their 
courage to re-open the question in an effective way by experimental 
investigation. The experiments had already shown that with the 
restoring of this opening to the sea near the root of the mole, the 
silting of the harbour had been reduced almost to 50 per cent. 
on To and To imp. Thus in spite of the closure having been 
effected after twenty years actual experience and study by com- 
petent maritime engineers, there was now a case for further 
investigation. At low tide the sill of the opening was triangular, 
being at the (+1.00m) level at the shore end and (—2.00m) 
level at the sea end, the length of the opening was approximately 
1,000 feet (300m). 

The bed of the model was strewn with 
Silesian pumice stone grains of 2 to 3 mm. 
diameter. This material, when subjected to 
the model currents for longer than fifteen 
minutes in any one direction, was displaced 
too far, so that the reversal of direction of 
the current was not able to restore the 
grains to the useful part of the model. It 
was therefore decided to change the time 
duration of the ebb and flow to a third of 
that used for the silting experiments, viz., 
15 mins. 40 secs. and 15 mins. 20 secs. 
respectively. After four cycles of ebb and 
flood the bottom underwent litile change, 
therefore for investigation of the harbour 
bottom mobility five tidal cycles were em- 
ployed, commencing with an ebb and ending 
with a flood. 


Project Lab. 8. 


It was suggested by the authors that the 
arly failure of the open viaduct to main- 
‘ain the harbour free from silting was due 
to the following causes: (1) the original 
triangular sill was too high and did not allow 


sufficient volume of waiter to traverse the Fig. 17. 
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continued 





Fig. 16. Project Lab. 8. Dimensions of proposed modifications to existing harbour. 


harbour; (2) the strong currents passing over the sill were dissipated 
by expansion over a large harbour area. It was envisaged that to 
take full advantage of this opening to the sea, the cross-sectional 
area of the wetted section over the sill would have to be enlarged, 
and that the tidal current should be directed through the harbour to 
maintain the navigable channels. To achieve this successfully, 
the currents would have to have sufficient velocity to maintain the 
mud in suspension and not be hazardous, or inconvenient to ship- 
ping; and yet be sufficiently weak to avoid the transport of sand. 
This end was to be attained by dividing the harbour area into two 
channels by inserting between the bulge, or peninsula, of Lab. 3 
(Fig. 9) and the mole an elongated porpoise-shaped island, having 
the tail at the open viaduct and the head abutting on the channel 
to the Bruges Canal (Fig. 16). 

Thus having decided that the re-opening of the open viaduct 
would provide the best solution of their problem, the authors 
initiated a number of experiments on a canalized harbour area 
according to the design shown in Fig. 16 and designated Lab. 8. 
The opening through the mole to the sea was divided into two 
parts: one of 120 m. wide, R, feeding the channel communicating 





Proposed contours of harbour bottom. 


Projects Lab. 8. 
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Model Experiments on Belgian Ports—continued 


with the entrance locks of the Bruges Canal, and the other 180 
metres wide, T, feeding the channel alongside the mole. The 
programme of the water depths to be realised in the harbour is 
shown in Fig. 17. The differences between each experiment was 
in the depths ot the sills of the openings giving access to the sea; 
these depths were varied until it was found that the experiment 
Lab. 8d. appeared the most suitable, having horizontal sills at 
(—5.00m.) and (—7.00 m.). 


Project Lab. 8d 
The tests for velocities and directions of currents for the flood 
and the ebb are shown in Figs. 18 and 18a. The velocities given 
in the illustrations are maxima. The average velocities of the flood 


and the ebb, that is for the complete duration of tide cycle, are 
two-thirds of the velocities given. 


It will be remarked that there 





Flood Currents, Velocities in cms./sec. 
natural. 


Fig. 18. Project Lab. 8d. 





Velocities in cms. /sec. 


Ebb Currents, 
natural. 


Fig. 18a. Project Lab. 8d. 


is a zone of slack water on the ebb near the tip of the bulge, but 
otherwise the currents are evenly spread over the harbour surface. 
The test of the model for the configuration of the harbour bed was 
carried out after the pumice stone grains had been contoured to 
the p!an and levels of Fig. 17. 

The results of the trials were recorded by photography after five 
successive tide cycles in Fig. 19, from which it can be observed 
that there is erosion of the sea bed to the west of the mole; scouring 
of the bottom of the two harbour channels just to the east of the 
open viaduct; and accreted banks in both channels further to the 
east. The material for the bank formation up to the 4 m. level 
was undoubtedly the spoil from the above-mentioned erosion. The 
forms of the bed contours show the concentrations of the two 
channel currents. Following this trial the bottom contours, with- 
in the harbour, were restored to the original Fig. 17, and a further 
five tide cycles of ebb and flow passed through the model. The 
result is shown in Fig. 20, from which it is to be noted that there 
is further erosion to the west of the mole near opening, and that 
the banks of the channels to the east are not so severe; that near 
the mole is considerably less than in the first trial, and there is an 
appreciable improvement in the Bruges channel. Again the har- 


bour contours were restored to Fig. 17 (almost equivalent to a 
dredging), and a further five tide cycles sent through the model. 


This time the mole channel (Fig. 21) was free of any pronounced 
bank, whereas the Bruges channel bank was diminished consi: ‘\er- 


ably. On the results, Messrs. Lamoen & Bonnet came to the on- 
clusion that once the regime had been established in nature, ind 
the surplus material to the west of the open viaduct approach \ad 
been cleared, there would be little or no tendency to form banks 
within the harbour. 

The authors themselves point out that the conditions so {ar 


reviewed were normal and that any abnormal state would, of 
course, have its effect upon the regime of the harbour, temporai ly; 
such, for example, as the formation of sand banks in the chan 
consequent upon heavy gales. The experiments for silting show ed 
that the harbour Lab. 8d would be free of deposit. 


Penetration of Swell in the Harbour 


A feature of the Zeebrugge mole has always been the effective- 
ness of the mole to reduce gale force waves to inconsiderable 
proportions alongside the central shipping berths on the lee. At 
the same time, the very wide open stretch of water to the east 
facilitated the entrance of heavy swell towards the Bruges Canal 
approach channel and affected the shelter value of the harbour as 
a whole. For this reason it is to be regretted that the authors did 
not supply more information regarding the actual wave reduction 
within the harbour as it existed at the time of the experiments. 
The only information supplied is in the following table and can- 
not with the greatest possible goodwill be considered as satisfactory 
or instructive. The two sole observations (within the harbour) 
given, do not provide sufficient evidence of the wave reduction 
behaviour, particularly when such observations were made on an 
almost calm day, with wind force only Beaufort Scale 4. 


Length of 
wave, metres. 


Amplitude ol 
wave, metres, 


Elevation of water 
above the datum 


Position of 
observation 


Fig. 16. 0.00 m. 

A +3.800 m. 1.00 13.00 
B +4.100 m. 0.40 very great 
c + 4.300 m. 0.40 4.0 

D +3.200 m. 1.70* 14.0 


*The authors considered this greater amplitude was due to clapoti 
effect arising from reflection of the original waves from the mole. 
¢ 

The wave generating apparatus was of the vertical plunger 
pattern, rectangular in side elevation and in horizontal sections, 
but the cross section was parabolic. It was held on two vertical 
rods connected to the oscillating gearing, which could be adjusted 
to vary the stroke. The frequency n, cr number of strokes per 
minute, was governed by a Flender regulator actuated by electric 
motor and permitting a wide variation of frequency. 


If 1=length of model wave 

t=period of model wave=1/c seconds 

c=velocity per sec. 
then 1=ct 

and n=60 c/1 per min. 
The velocity scale for waves on the Reech-Froude rule is then: 
c/C = f1/m= 1/64 = 1/8 
as only the vertical scales are to be considered. 

The question of similarity between the model and nature is not 
easy of resolution. It involves a compromise between the simple 
finite mechanical forces of the model wave generation and the 
continuing existing unconfined forces of nature. Gravity and 
forces of inertia are common to both and may be defined, but 
wind force and its friction on the water and friction on the bed can 
not be conveniently simulated; further, surface tension in the model 
represents a force of appreciable moment, whereas in nature it is 


negligible. This one can appreciate from the classical hydro- 
dynamic expression for wave velocity on the surface of a liquid 





| 
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C* = (g/K + KS/8) tanh Kh 
where K = 27/1 
S=surface tension 
h = depth of still water 
5 = density of the liquid. 
fo eliminate, as much as possible, the effect of surface tension, 
the lengths of the model waves were maintained between 20 and 
70 cms., for below 20 cms, the capillary forces affected the velocity 
by 1.5 per cent. 

‘It is always difficult in a model with an exaggerated vertical 
scale to eliminate the effects of wave reflection, but the authors 
adopted a useful expedient to absorb the waves, which proved 
highly effective. At about 8-ins. in front of the confining walls 
of the model, a vertical wire mesh partition was placed and the 
8-ins. space between the wall and the mesh was filled with wood 
shavings. Although the Belgian and the Dutch experimenters 
considered that there was inconsiderable effect of reflexion from the 
vertical walls of the harbour due to the scale size, they admitted 
that the exaggerated slope of the model sea bed due to the scale 
was faulty when compared to nature, but not of great practical 
import in the experiments which were, after all, of a comparative 
qualitative character. 

The following table gives the results of these experiments of 
wave reduction within the harbour modelled on the various 
projects: 


No. State or project. Gale Wave amplitude in percentage. 
from A B re E 
1 State To 1933 ... N.E. 100 56 75 —- 
N.W. “ 22 30 
2 Project T14_— x. N.E. 100 75 88 — 
N.W. as 16 27 = 
3 State To imp. N.E. 100 72 76 — 
open viaduct open N.W. - 34 32 — 
4 Lab. 8 Ean Ves N.E. 100 77 82 58 
N.W. es 34 38 21 
5 Lab. 8 ek ee N.E. 100 77 20 20 
N.W. F 35 18 22 


The authors appear in their conclusions to be somewhat biassed 
in favour of Lab. 8, for they naively suggest that as the mole in 
State To, with open viaduct open, allowed vessels to ride quietly 
alongside the lee of the mole during the twenty years before its 
closure, then, if the project Lab, 8 gave in these tests a result 
comparable to To with the open viaduct open, Lab. 8 must there- 
fore be satisfactory. The experiment 3, however, does not repre- 
sent the pre-1929 condition, and, by the same reasoning, the figures 
show To 1933 No. (1) to be the more sheltered harbour! 


Conclusions 

From these experiments the authors recommended that the pro- 
ject Lab. 8d should be taken as the model for the future improve- 
ment of the harbour; that the sill of the open viaduct should be 
reduced to (—6.00m) for that portion leading to the Bruges Canal 
approach channel, and to (—8.00m) for the portion leading to the 
channel alongside the mole. Then with these depths of opening 
there should be ample latitude to build up the sills to the levels, 
which one found from full scale experience, to give the best results 
within the harbour. 

They further minimise the importance of the slack water zone 
in Lab, 8d at the tip of the bulge during the ebb tide, arguing 
that the lesser velocity of the harbour waters on the full scale will 
allow a more even distribution of currents which will invade this 
zone, 

The freedom of Lab. 8d from-the tendency to silt up is given 
prominence in their arguments, so much so, that from the economic 
angle they reason that the saving in cost on dredging would pro- 
vide ample interest on the capital sum that would be required to 
carry out the proposed works. It was estimated that £2,000,000 
would cover the cost of new construction. 

(To be continued) 

















Fig. 19. Project Lab. 8d Contours of bottom after 5 tide cycles 




















Fig. 20. Project Lab. 8d. Contours of bottom after 10 tide cycles and 
one dredging 




















Fig. 21. Project Lab. 8d. Contours of bottom after 15 tide cycles 
and two dredgings 
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As mentioned in our issue of last month, we now publish the 
abridged versions of the General Reports on Communications 
Nos. 1, 2 and 3, which complete Section I—Inland Navigation. 

Next month, Questions 1 and 2—Ocean Navigation will be 
dealt with, i.e., Improvement of Estuaries and Oil Handling at 
Ports. 

SECTION I.—INLAND NAVIGATION. 


First Communication. ---New Development in the 
Design and Construction of Locks 

(a) Type of foundation; (b) Design and construction of walls and sills, 

stability data; (c) Gates and their operating machinery; (d) Design. ol 


lock sluices; (e) Measures taken against seepage. Experience resulting 
irom the war. 


GENERAL REPORT BY K. BOLLENGIER 
Ingénieur en Chef-directeur honoraire des Travaux Maritimes d’Anvers, 
Professeur 4 |’Université de Gand. 

The American authors, Messrs. P. Fleming and J. Ackerman, 
give particulars of the most recent practice in the drawing up of 
designs and construction of the St. Paul District locks on the Upper 
Mississippi Waterway, viz., locks joined to barrages and which 
usually have a slight head. These new conceptions are, as a rule, 
the results of constant changes made possible and even necessary 
by the use of new materials, by the putting into practice of new 
processes and above all by the use on a very large scale of tests 
on reduced scale models. 

The gates are of the mitred type. The filling and emptying of 
the chamber is done via long culverts, with cross culverts situated 
at regular or increasing distances from upstream towards down- 
stream. This practice has given good results and will be continued, 
but with more streamlined layouts for the culverts and cross 
culverts. Practice has shown that segmental or sector sluices 
(Tainter valves) reversed, i.e., with their concavity pointing up- 
stream, placed in the culverts, effectively oppose any intake of air. 

Other tests were made with a view to replacing mitreing gates 
upstream by vertical lift gates, segmental gates or Tainter gates, 
with filling done via the head, for the purpose of reducing the 
cubage of the masonry of the walls. They showed that for big 
rises (Amer. : lifts) it is necessary to complete this system by long 
culverts having branch culverts. 

The paper deals briefly with various types of locks, according 
to the kind of side walls they have. 

The case of foundations for monolithic locks having a resistant 
floor and built in clay is more difficult; a method of determining 
the stresses is explained. 

Details are given of the means employed for preventing seepage 
and longitudinal leakage of water. 

The paper also contains suggestions concerning the calculation 
and construction of mitreing gates (all rivetted except the most 
recent ones, which were welded), sluices (of which several types 
have been used), and the working appliances. 

The American author, Mr. G. Tschebotarioff, carried out tests 
on large scale models (1/5th and 1/10th) with a view to deter- 
mining the thrusts acting against the vertical partitions of metal 
sheet piles, and gives some very interesting information concerning 
the results obtained. These tests show that certain hypotheses, 
accepted hitherto for determining thrusts, are not fulfilled in 
practice. Results obtained by applying conventional methods of 
calculation are liable to differ considerably from those obtained 
from the tests. 

The British reporter, Mr. H. Clark, describes the locks on the 
canalised river Nene and the difficulties encountered during the 
building of these structures. 

These locks were mostly constructed in soil consisting (from the 
top downwards) of layers of peat, comparatively recent mud, clay 
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and gravel. The difficulties caused by the mud traversed were 
increased by the varying level of the ground water (low wat:r, 
flood and tidal). 

Some locks have been founded on reinforced concrete piles, 
driven with the aid of a water-jet, which was incorporated in tie 

iles. 

' The two Belgian papers concern the groups of locks on the Alb: rt 
Canal. That handed in by Messrs. Bijls and Vuylsteke deals 
with the five upstream groups, each of which (see ‘‘ Bulletin of the 
Perm. Inter, Assoc. of Nav. Congresses,’’ January 1948) com. 
prises three adjoining locks, viz., two with chambers of 136 
16 m. and one of 55 x 7.5 m. 

The authors give us information concerning the placing of the 
concrete (in large volumes—some 155.000 m* per group—in a very 
short time, at a rate amounting to 1500 m* per day per site of work), 
the composition of the concrete, its transport and laying down and 
vibration. They explain the steps taken to reduce to a minimum 
fissures caused by contraction of the concrete and describe the 
method used to make the joints watertight, a method which was 
not entirely satisfactory, as it could not withstand vibration due 
to explosions during the war. 

They give some advice as to gravel or crushed stone drains to 
be built in very fmme sandy soil. 

Based on observation of the structures, they give some remarks 
concerning the stability and watertightness of the ensemble of each 
group, the means used—screens of metal sheet piles—to prevent 
longitudinal creeping of water beneath the foundations, the driving 
of very long sheet piles in hard sand, with the risk of coiling and 
dislocation of the sheet piles, and the water-jetting of the latter. 

A sixth group is constructed on the same canal, near Antwerp, 
at Wijnegem; the two large locks adjoin one another, whereas the 
small one is built on a derivation. The Wijnegem group differs, 
moreover, from the five others, in that its rise is only 5.7 m. and 
that the filling and emptying of the chambers are done through 
sluices built in the mitreing gates, with no culverts in the chamber- 
walls, 

The paper by M. Braeckman concerns this group; it deals in 
particular with the device for filling and emptying the chamber. 
The metal mitreing gates have near their lower edge openings, 
closed by segment sluices having horizontal axles. 

The author compares the results of model tests with the actual 
performance of the locks. 

The Spanish reporter, Mr. Perez, descyibes the Tablada lock at 
the Port of Seville and the dry dock to be built there, as well as 
the large dry dock at Cadiz. 

The lock at Seville has working dimensions similar to those of 
the lock and will also be built in an open pit. Nevertheless, as it 
was impossible to withdraw the metal sheet piles from the sur- 
round of the lock after the construction of the latter, and as it costs 
a lot of money to import those sheet piles into Spain, it was decided 
that in the case of the dry dock the sheet piles should be replaced 
by a surround consisting of reinforced concrete jointed piles, made 
on the spot, and driven into the clay strata. 

The Cadiz dry dock, with a working length of 245 m. and with 
10.50 m. of water over the keel blocks at high tide, was constructed 
by sinking and joining under water caissons of reinforced concrete. 

The author of the paper gives some indication as to the cal- 
culations for the stability of the aforementioned structures. He 
describes how seepage through the joints of the caissons of the dry 
dock at Cadiz was stopped and the means used to prevent swelling 
of the watertight facing of this dry dock by pressure from beneath, 
due to non-impermeability of the subjacent masonry of the 
structure. 

The French reporters, Messrs. Parmentier, Aubert, Henry and 
Dumas, give some facts concerning several locks, either constructed 
or in course of being erected, or merely planned for the network 
of navigable waterways in the north of France. This network, 
much damaged in the course of the recent war, enabled ‘‘ Flemish 
barges ’’ of 280 tons to ply. It is being improved so as to be able 
to use barges of the ‘‘ Kast Campinois’’ 600 ton type (50 x 6.6 
x 2.5 m.) and on certain reaches lighters of 1,350 tons (80 x 9.5 
x 2.5 m.), the number of locks being lessened by adopting larger 
rises. 

One of the locks which had to be urgently rebuilt has mitreing 
gates. The filling and emptying of the chamber is done via long 
culverts having cross-culverts. All the other locks will have 
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sector gates with a verticle axle, of the Tainter type, like those 
used since 1917 for the Sédertalje Canal in Sweden, locks of which 
the filling and emptying is done solely via the heads (see the 
Swedish paper by M. Jansson). 

As regards filling and emptying of the chamber, tests were made 
on models which showed that during filling the horizontal stresses 
to which a craft of 1,350 tons risks being subjected will not exceed 
2.5 tons. They believe, moreover, they can succeed in lessening 
these stresses by placing stilling-grids in the expansion chamber. 

The authors also give some facts concerning research made with 
a view to construction of the Saint Pierre lock on the Lower Rhone 
alongside a hydro-electric power station. This structure will pro- 
vide a rise that can vary from 16.3 to 25.95 m. and will have a 
working length and width of 90 and 12 m. respectively, equivalent 
to a surface area of water in the chamber of 1,272 m*. The lock, 
which will handie navigation by barges with a draught of 2.5 m., 
will be remarkable for the extraordinary speed of filling and empty- 
ing, viz., 7 m. per minute when emptying and 3.5 m. per minute 
when filling, on an average and 5 m/min. maximum, which repre- 
sents a discharge of 106 m*/sec., half of this existing from the 
start when there is a maximum load. 

The authors set forth some very interesting ideas and consider- 
ations, to which we refer readers, as to the system of filling and 
emptying which has been adopted, after tests, in their study of 
the plans for this lock. The paper describes the arrangements for 
towing boats into the chamber and mooring them there. 

Messrs. P. Brunelli, E. Salvi and G. Rodio, authors of the Italian 
paper, supply information concerning twenty-two locks for lighters 
of 300 and 600 tons and built between the two wars. The general 
dispositions for these works and the methods of building them 
were largely influenced by the absolute necessity of using expensive 
materials as little as possible—especially those imported—and by 
the often non-resistant soil. 

The foundations of several locks had to be laid in mud and clay 
soil. In some instances they are placed on prefabricated reinforced 
concrete piles or those made on the spot; when driven to refusal 
in the non-compressible strata, the piles are sometimes 20 m. in 
length. This system being too costly for other locks, the resistance 
of the soil was increased by driving wooden compression piles: 
considerable increases were obtained. The same was found in the 
case of locks founded on “‘ floating ’’ piles, bearing by adhesion on 
the mud and clay. Other locks were built on reinforced concrete 
caissons, sometimes using compressed air. 

The Volano lock on the Po was founded direct on compressible 
soil, lateral expansion of which, however, was rendered impossible 
by a screen of sheet piles driven along the whole perimeter of the 
structure. In addition, the weight of the structure was lessened, 
the sidewalls only consisting of a vertical masking with reinforced 
concrete bases resting on the floor, whilst pressures on the ground 
were made more uniform by adopting a large cellular floor of 
reinforced concrete of considerable thickness. 

As further locks have to be built in Italy, the authors set on paper 
a few critical considerations, stress certain tendencies and neces- 
sities imposed by the nature of the soil, financial possibilities, etc. 

From the standpoint of construction of the locks, these points 
can be summarised thus: 


(a) adoption, as far as possible, of chambers with battered 

walls; 

less importance to be attached to 

driven through poor soils; 

(c) strengthen the latter by modern methods based on 
geotechnical research, e.g., in the case of clayey soils by 
means of electricity; 

(d) build in soil thus consolidated a “‘ floating structure ’’ 
without any piles, i.e., the lightest possible, mask-sidewalls 
and reinforced concrete brackets carried by a wide and 
resistant cellular floor of reinforced concrete (the cells 
being filled with light, poor concrete) and distributing 
pressures more evenly on the ground; 

(e) lessen the weight on the floor by not placing behind the 
reinforced concrete side walls any dispensable embank- 
ments; 


« 


(b “compression ’’ piles, 


~~ 


(f) torestall damage due to unequal settling by providing the 
lock with joints perpendicular to the longitudinal axis 
and dividing the structure into several sections, each 
having on plan a form approximating to a square; 
provide watertight screens (piles or sheet piles not made 
of metal) longitudinally and transversely, running down 
to a suffiicent depth and surrounding each section of the 
foundations, which must not adhere to these surrounds; 
(h) forestall any unequal deformations on the transversal 
plane, by temporary joints between the floor and the side 
walls, and these joints to be keyed after an extensive part 
of the deformations has occurred. 

The Dutch paper by Messrs. J. Josephus Jitta, G. de Groot and 
A. Eggink gives particulars of the founding of a retaining-lock on 
a shaft sunk by excavation in the bank of a river and states the 
difficulties encountered, due to the particularly bad nature of the 
-oil through which they had to dig. 

In dealing with the general dispositions to be applied to inland 
navigation locks, the authors point out that, contrary to certain 
established opinions, the construction of the sidewalks of lock 
chambers by metal sheetpiling does not usually give much saving, 
even apart from wear and tear of the sheet piles and the limited 
life of the latter, The fact of building in such cases a floor that 
is not watertight between the sheet pile walls entails additional 
outlay for the heads. The authors state that what is much more 
economic, as a rule, is to make the cross-section of the chamber, 
in concrete, in the form of a monolithic U, the walls forming one 
with the floor which acts as a stay between the sidewalls. They 
give particulars as to the construction—in this instance easy and 
rapid—of the walls having a constant cross-section, by means of 
shuttering that can be moved parallel to the longitudinal axis of 
the structures. 

In another part of their paper the authors deal with lock gates, 
filling and emptying of the chamber, the working appliances and 
so forth. Comparing rolling gates, mitreing gates and vertical lift 
gates, they state for these three types the advantages, the real or 
merely supposed drawbacks, and instances of complete suitability. 
They point out that it is possible, at the present time, thanks to 
tests on reduced scale models, to fill and empty the chamber, for 
each of these types, by sluices fitted in the gates and, in the case 
of vertical lift gates, to merely raise the latter, without having to 
have recourse to culverts. 

The last part of their paper is devoted to the absolute necessity 
of constructing locks in such a way as to make it possible to lay 
them dry, wholly or partially, for inspection and easy repairs to 
important parts such as the sill, rails, floors, gate chambers, etc., 
without interrupting navigation more than is necessary. 

Sweden presents three papers. Mr. A. Nilson-Hiort describes 
works built in the River Moadlven in Sweden for the purpose of 
preventing salt water from the Baltic Sea entering the lower reach 
of a river in which, according to the difference between the levels 
of the sea and the river, the flow was sometimes from below and 
sometimes above, causing in the latter case salt water to flow. 

Mr. P. Leimdérfer deals with the economic choice of the type 
of metal sheet piles to be incorporated as permanent parts of con- 
structional works. 

He discusses the various factors that must intervene when 
choosing metal sheet piling, notably the modulus of actual flexion, 
which is less than what the steelworks’ catalogues state, rust and 
the total lifetime of metal sheet piles and the necessity of renewing 
them at the end of a certain time for certain works. He expresses 
the influence of these various elements by formulas and diagrams. 

Mr. H. Jansson gives a brief review of the locks built in Sweden 
during the last forty years; for these structures he refers readers 
to several papers presented by different authors to the Navigation 
Congress, viz., locks on the Trollhatta Canal, the Sédertalje Canal 
and the Hammarby Canal. Construction of these locks com- 
menced in 1909, and the experience gained was evidenced by the 
construction of the Falsterbé Canal during World War IT. 

The locks on the Trollhatta Canal have now been in use for 
several years, during which the rise has sometimes been as much 
as 15 m. It is pointed out that where the facing of the walls is 
really waterproof, it has given good results. 
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The Trollhatta Canal locks have steel mitreing gates, even for 
rises of 15 m. Some difficulty was experienced witn the gate pivots. 
Filling and emptying of the chamber is done via short culverts, 
the water, when filling, being evenly distributed over the whole 
floor of the chamber by longitudinal ducts placed beneath the 
latter. The sluices are of the Stoney type. 

The locks on the Sédertalje Canal and the Hammarby Canal 
have Tainter sector gates, with a vertical axle, not used hitherto 
for the closing of locks. These gates have given good results; they 
are in service for rises of 1.5 m., the direction of the rise sometimes 
varying. They also serve for running off flood water. 

The Carl Johan lock, on the other hand, has vertical lift gates 
which revolve around an upper horizontal axle during raising and 
are almost horizontal when open. 

Tests on reduced scale models were carried out before con- 
struction of the Trollhatta Canal locks; the results were verified 
in practice. Tests were also made for the Sddertalje and Ham- 
marby Canals. Based on the best results, the author gives 
formulas concerning the hydromechanical phenomena that occur 
during changing of the level in the chamber, traction on the moor- 
ing hawsers, etc. 

Mr. Jansson describes the Falsterbo Canal lock, built during the 
recent war in Sweden, through the cape of the same name, between 
the CEresund and the Baltic Sea. 

The lock, which acts as a barrage, has two heads with an open- 
ing of 25 m., each having a Tainter gate with sector and a horizontal 
axle. Filling and emptying is so arranged that it is ended by 
the time vessels have steamed through without stopping, from 
one head to the other, at a reduced speed of 4 knots for a rise of 
40 cm. and 2 knots for the maximum rise of 1 m. 

Czechoslovakia presents three papers. M. F. Jermar describes 
several types of lock gates derived from the closure-systems of 
barrages, gates for which he suggests working appliances requiring 
practically no power except what is produced by the difference 
between the upstream and downstream levels. Adjustable 
manipulation of the gates is obtained by a judicious selection of 
the position of the centre of gravity of the gate and of the centre 
of pressure against it; by the placing of air chambers in the gate, 
now acting as floaters, now as water ballast chambers; by the aid 
of counterweights housed in the side walls; by the variation of 
the water pressure on the constitutive parts of the gates or by 
valves clamped on the counterwe‘ght, etc. 

The gates themselves are so planned that by their mere dis- 
placement they regulate filling and emptying of the chamber, with 
a variable flow and without any air-flow, and without any -longi- 
tudinal culverts, even short ones. 

The author also describes an adjustable filling of the chamber, 
done by a revolving sluice, fitted in the floor and opening a way 
for the water. 

M. J. Cabelka describes the means for closing and the method 
of filling the chamber adopted for a lock now being built at Pnov 
on the Elbe, to take 1,000 ton barges. Contrary to what is usually 
done in Czechoslovakia, the lock will have neither mitreing gates 
nor short culverts. 

As a result of very thorough laboratory tests, it was decided to 
adopt for the upstream head a vertical gate rotating round a 
horizontal axle and which has, in its upper part, an air chamber. 
The gate moves from the side of one of the rotation-axle bearings 
and places itself horizontally when open. The lower edge of the 
gate, situated beneath the rotation axle, opens between the sill 
and itself a way for the water towards the stilling chamber. The 
downstream head will have mitreing gates and short culverts. 

The author also describes tests made on models, and their results, 
with a view to the construction of a lock having a medium rise 
(10.5 m.), of which the head is closed by a hollow metal valve, 
almost vertical when closed and revolving towards downstream 
round a horizontal axle placed on the level with the floor, this 
valve opening and closing in its movement the water-passage 
towards the stilling-chamber, without drawing in any air. 

The paper by M. Zdenek Bazant, Jnr., concerns the movement 
of sand beneath the foundations of retaining-works. He describes 
tests made on laboratory models for a structure built on a 
horizontal strata, of a constant thickness, of sand of given 
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characteristics. Upstream from the structure there is a sheet of 
water of varying depth, which causes a flow of water and con- 
sequently an ever increasing quantity of sand. 

The description of numerous structures, the considerations set 
forth regarding them and the opinions expressed can be roug’\ly 
summarised as follows: 


(a) Use of Metal Sheet Piles. 

Sheet piles form a comparatively easy constructive elemcnt; 
their use as integral parts of works is becoming more and more 
usual, They should only be used after careful consideration of 
a suitable type and profie selected, having regard to their cost 
and resuricted itet me, 

It does not suffice, when selecting them, to base one’s calcuia- 
tions on the mere ratio of their real modulus ot buckling; account 
must also be taken of the ratio between their limited lifetime L 
and their weight. L can be determined approximately (see paper 
by M. Leimdorfer) by calculations based on the dimensions and 
the thicknesses of the profile and the admissible diminution of the 
modulus of buckling, on loss of metal due to corrosion. Above 
all, it is important to reflect upon the total annual cost of sheet 
piles used, a cost which must also take into account interest on 
the money and sinking-fund for renewals after L number of years. 
In establishing this cost, care must be taken to not only reckon 
renewal of the sheet piles themselves; one must also include the 
cost of demolition work and reconstruction of other parts of a 
structure, which has to be put in hand to make such renewable 
possible. It is absolutely necessary to take account of these con- 
siderations, when it is a matter of deciding as to whether these 
sheet piles should be used or not. 

The Dutch reporters draw attention to the fact that economy 
by constructing the sidewalls of locks with metal sheet piles is 
not always apparent, because such side walls require extensive 
anchorage or costly strutting by concrete between the opposite 
walls on a level with the floor when the floor is not strong. 


(b) General Layout of Locks. 

Chambers with battered walls having sufficiently resistant and 
watertight surfaces are strongly recommended by the Italian 
reporters, with a view to economy (reduction in size of side walls, 
especially in poor soil). _ The Swedish reporters describe sloped 
lock-chambers built in Sweden, one of which has an opening of 
18 m. between heads and 245 m. of working length, and another 
25 m. span at the heads and 1,000 m. length between heads in the 
Falsterbo Canal, this latter lock constituting, however, quite an 
exceptional case. 

The American authors deal with various types of lock-chambers 
having vertical sidewalls, viz., lock-chambers with weighty walls 
which are shored one to another on the level of a non-resistant 
floor; monolithic locks having a U cross-section, of which the 
floor forms an integral whole with the side walls, and locks having 
a non-resistant floor and walls of metal sheet piles. Whilst com- 
paring these three main types, they deal with the conditions of 
stresses and stability, for the two former, and draw attention to 
the constructive difficulties which the third may present. 

Their remarks concerning sheet pile side walls coincide with 
those, recounted above, of the Dutch authors who advise the con- 
struction of U monolithic chambers, the sidewalls having a 
constant vertical section, easy to build with the aid of removable 
shuttering which can slide parallel to the longitudinal axis of the 
chamber. The Dutch reporters also deal with conditions of stability 
of locks. 

Several authors deal with sectioning of locks, especially those of 
great length, to be divided into several sections having different 
functions (heads and chambers distinctly separated from one 
another) and the provision of joints in the chamber itself. They 
mention precautions to be taken for lessening contraction of con- 
crete, by altering the composition of the latter and providing for 
great increases of temperature caused by setting and hardening. 

Steps taken to obtain compact and impermeable concrete, 
watertight joints in concrete and the methods used to prevent 
blowing of the latter, as also closing of comparatively wide joints 
between the successive sections of structures are described in a 
large number of papers. 
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fhe Dutch reporters advise considering lock heads, for the 
calculation of their stability, as independent of the body of the 
chamber, without any support from the latter, seeing that the joints 
between heads and chamber can open. 

For locks with a non-watertight floor the American reporters 
mention the use of filtering drains, which lead any water collected 
downstream without any flow of sand. Useful information is given 
by the Belgian reporters, Messrs. Bijls and Vuysteke, for the siting 
of such drains, 

The Swedish reporter, M. Jansson, supplies information con- 
cerning other means used against longitudinal flow of water around 
the non-resistant floor of a chamber. 

Several reporters deal with the composition of concrete, its 
transportation and placing. New processes are not mentioned. 


(c) Leck Gates and Filling of Chambers. 

[he questions of gates and the filling and emp.ying of chambers 
dominate all the others; they are dealt with in most of the papers 
ind give rise to new teachings and important new solutions, 

Apart from a few rare exceptions up till about twenty years ago 
mitreing gates were the rule, or else rolling gates or vertical lift 
gates, each of these types having, comparatively, real or presumed 
advantages or defects; these are both enumerated clearly and 
succinctly by the Dutch authors. They declare, moreover, as if 
to close a discussion which has been in the forefront for many 
years past, that the possibility of filling and emptying the chamber 
via the gates, without using any long or short culverts, should be 
taken for granted when comparing these various types, as it is 
possible to plan the lock and the gates by this means, thanks to 
tests made in hydraulic iaboratories. 

During the last twenty or thirty years, gates of other systems 
have been tried out and applied, with filling and emptying via 
the heads and no culverts. It is mainly a question of Tainter 
gates (see the Swedish paper by M. Jansson), with vertical axle 
sector, used in Sweden between 1917 and 1929 in the locks on the 
Sédertalje Canal and later on those on the Hammarby Canal, 
gates which enable easy regulation to be attained in the speed of 
filling and emptying of the chamber, and the running off of flood 
water. 

The locks constructed hitherto in Czechoslovakia usually had 
mitreing gates and long culverts with cross-culverts. It appears 
from information supplied by the author, M. J. Cabelka, that it 
was decided, as the result of tests, to provide the upstream head 
of the new lock with a vertical revolving gate, revolving around 
a horizontal axle and which opens, between its lower edge and the 
sill, a way for the water towards the chamber, excluding any cul- 
verts. It would appear that Czechoslovakian engineers are inclined 
to try new solutions as regards lock gates and the methods of filling 
and emptying chambers. 

We would remind readers that for the Wijnegem locks on the 
Albert Canal (see Belgian papers) filling and emptying of the 
chambers are done, for a rise of 3.7 m., through the mitreing 
gates, whereas in the other large locks on the same canal, with a 
tise of 10 metres, and also mitreing gates, they are done via long 
culverts with cross culverts. In addition, one of the Belgian 
reporters, M. Braeckman, shows us that the same system of filling 
and emptying through the gates, as at Wijnegem, could be done, 
‘‘ mutatis mutandis,’’ in view of the results of tests made for the 
same locks, for rises of 8.2 m. and 12 m. 

It appears thus that the opinion expressed by the Dutch 
reporters as to the possibility of filling and emptying through the 
gates is justified, also for the new types of gates. The same does 
not apply, it appears so far, for locks having a large rise. The 
American authors state in effect that tests made for the St. Paul 
District of the Upper Mississippi for Tainter gates showed that, for 
large rises, the system of filling via these gates must be supple- 
mented by long culverts and cross-culverts. Further, that the tests 
showed that the most satisfactory solution, for large rises of 25-ft. 
to 70-ft., entails long culverts having cross-channels in the floor, 
With openings. 

The Tainter gates of the new locks in the North of France will 
all three be the same for each lock, except for the one having a 
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rise of 13.13 m., for which it has been decided that the upstream 
gate will be notably less high than the others. For this latter lock 
the filling will be done, at the start of the operation, by long culverts 
and cross culverts. 

The problem of filling and emptying chambers via long culverts, 
via short culverts and without culverts, has not obtained suitable 
solutions except from methodical test results obtained in 
laboratories, such as are being more and more undertaken. 

It is to be hoped that tests, which are indispensable moreover, 
will be made more and more often. For these tests, we refer 
readers to those described by the reporter, M. J. Cabelka. The 
carrying out of tests can usefully be preceded by a mathematical 
study of the question. In this respect, we would point to what the 
reporter, M. Jansson, has done. 


(d) Foundations. 


Several papers deal with the construction of lock foundations 
in compressible soil such as clay and mud. Some of them relate 
difficulties overcome in passing through these strata in an open 
excavation in order to reach the subjacent incompressib.e soil. 
Others describe how works were seated in these compressible 
strata or in resistant strata at a short distance from the clay and 
mud. 

Several locks have been constructed and are still to be built in 
Italy in compressible clay soil. They started by seating these works 
on subjacent incompressible soil. This system having proved too 
costly, locks were founded directly on compressible strata, rein- 
forced by compression-piles or surrounded by an enclosure of sheet 
piles, or else on “‘ floating’’ piles in the clay, viz., on piles only 
bearing by simple adhesion. 

It was evident that good results could not be obtained from such 
solutions. The Italian reporters therefore advise, in such cases, 
that seating be done where possible on incompressible soil, but 
alternatively to plan the locks as ‘“‘ floating constructions,’’ in 
accordance with proposals to which we refer briefly above and 
which appear to be very judicious. 


(e) Sluices, Operating Machinery, Dispositions Required to 
Operate Locks, Time Required for Working. 

Several reporters give information as to culvert sluices, for which 
various types have been suggested or applied. The choice of the 
type of these sluices appears, however, to have lost its imporiance 
owing to filling va the gates, more and more frequently done. 
But it is still important for locks having larger rises. 

Working appliances are described in several papers: it is 
impossible to deal extensively with this matter within the restricted 
scope of the present report. We might say, however, that as a 
general rule new systems have not been applied for working 
current types of gates, except in special instances. 

It should be remembered that the Dutch authors mention, as 
an advantage of rolling gates, the fact that it is possible to use 
these as road bridges. This advantage seems to be more 
theoretical than practical. If one can, in effect, cite cases of 
rolling gates serving at the same time as road bridges, it should 
be pointed out that the result of such combined-purpose is usually 
not very satisfactory, especially when the road traffic is heavy. 
It is better to separate the functions of a gate and a road, all the 
more as this can easily be done in the case of inland navigation 
locks having a slight rise by building a fixed bridge below the 
downstream head of the lock. 

Several reporters deal with measures to be taken with a view to 
reducing interruption of navigation to a minimum. They describe 
the arrangements made in several instances to quickly and easily 
lay dry lock heads or the whole lock for the purpose of impor- 
tant repairs. Such laying dry can often be avoided by using 
special contrivances for facilitating inspection and repair of certain 
lock parts, such as rails, sills, pivots. The Dutch reporters give 
some useful particulars in this respect. It is moreover possible 
to facilitate such inspection and repair-work by the use of vertical 
lift gates, although gates of other types such as mitre gates require 
less current maintenance. 









As regards the possibility of avoiding the putting out of use of 
the locks, in order to allow repair-works of the gates, the necessity 
mentioned, in navigable waterways with several locks of the 
same rise, to dispose of a reserve-gate, always ready to be taken 
away, transported and put in place. 

The necessity of maintaining constant navigation applies 
specially to navigable waterways carrying a large amount of 
traffic. For such waterways it is a matter of knowing whether to 
plan, for each group, one long lock to take several barges and 
their tug, or to build several locks side by side. This latter 
solution can handle traffic better (as one lock can work when the 
other is out of use), but necessitates breaking trains, with a 
resultant loss of time. 

Several papers show a tendency to shorten the time for working 
the gates and filling and emptying chambers. But such demands 
must be kept within reasonable limits. 


Second Communication.—Protection of Embankments 
and Bed in Inland and Maritime Waters, anu in 
Overflows or Weirs 

Influence ol:—{a) OI the form and the dimensions of the cross section; 
(b) Of the form, the speed and the propulsion system of vessels; (c) Of 
the speed of the flows and especially of the waves of translation. 

Comparison, [rom economical standpoint, between solid protection 
of the bed and embankments and an increase of the cross-section. 

GENERAL REPORT BY ALBERTO ABECASIS MANZANARES 

Ingénieur Civil (1.S.T.), 
Professeur 4 I‘Institut Supérieur Technique 4 Lisbonne. 

Although the problem of protecting the bed and banks of 
navigable water-ways is unique, it has diverse aspects, according 
to the type of navigable waterway to which it applies. 

In effect, the causes of destruction differ as to their nature and 
principally as regards the intensity of their effects, according to 
the type of waterway considered. 

We prefer to outline the following method of c.assification based 
on the physical and hydraulic characteristics of the waterways to 
be reviewed: 

(a) Regularised or canalised navigable waterways having a 
large variation of discharge and consequently varying 
depths, with appreciable speeds of the natural current: 
sections as a rule more than ample navigation require- 
ments. 

(b) Maritime canals which, as a rule, have appreciable 
variations of the water-line due to tidal effects, subject to 
the action of salt water and having sections adapted to 
navigation requirements. Up to a certain point, we can 
include in this group estuaries of navigable rivers. 

(c) Inland canals having only slightly varying water-levels, 
constructed either in cuttings or embanked, with very 
slight or no currents and having sections that are strictly 
indispensable for navigation requirements, 

Of the papers handed in, three refer to the latter case; they 
are the Belgian, French and Dutch papers. One other, the Suez 
Canal, refers to the second case, whilst the American paper deals 
with navigable waterways. 

Let us see, generically, what are the principal causes, of vary- 
ing extent according to the cases, of destruction of the bed and 
banks of a navigable water- way. These are:— 


(1) Natural currents—flood or tidal. 

(2) Currents caused by navigation. 

(3) Action of the swirling movement set up by propellers on 
the bed and banks. 

(4) Short-period vertical movements of the water-level— 
waves caused by navigation or wind. 

(5) Long-period vertical movements of the water-level—the 
passing of floods and tidal movements. 

(6) Seepage or, in general, differences of level between the 
water line in a canal and the water-bearing strata, all 
the more dangerous when the latter has a higher level 
than the former. 
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(7) Saturation of the slopes forming the longitudinal dykes 
of waterways and possible subsequent destruction. 


These causes could be summarised as follows:—Attacks due to. 
currents; attacks due to waves; insufficient drainage. 

As we stated, the problem must be dealt with under its various 
aspects, according to the type of navigable waterway with wh.ch 
one is dealing, the causes of destruction and the intensity of their 
effects, all of which differ. 

Let us consider the case of navigable waterways, such as is 
presented in the paper by H. D. Vogel (U.S.A.): The primordial 
causes of destruction in this instance are: floodwater-currents, un- 
dulations caused by wind, especially at flood times, variations in 
the level of the water-line due to the passing of floods and, finally, 
seepage and saturation of the earthen dykes confining the water- 
course, the relative extent of each being liable to vary from one 
case to another. The influence of the factors arising from navi- 
gation is of secondary imporiance compared to ihe natural 
destructive forces already mentioned. 

Under these circumstances, precautions against erosion—the 
main cause of destruction—must above all be effective by adopt- 
ing good rules for river regularisation, by creating beds of suitable 
dimensions and proportionate to the various depths of water: low 
water, mean water and flood water; by adopting suitable layouts, 
with curves of a sufficiently large radius and graduated variation, 
and by avoiding obstacles in the bed and banks which, by alter- 
ing the normal flow of the current, are liable to cause vortexes 
or a direct attack of the banks. 

Protection from destruction by seepage or saturation can be 
obtained by means of adequate drainage of the dykes and banks, 
efficacious as a protective works; but the most frequent case is 
that of obviating such destruction by a sufficient lessening of the 
incline of the banks, in accordance with the teachings of soil 
mechanics. 

Although in many instances such protective works resemble the 
protective works of maritime canals and inland canals, to which 
we will refer further on, they frequently possess special 
characteristics, The paper to which we refer recommends the use 
of continuous revetments which usually consist of mattressing 
and carpeting placed below the low water line, prolonged by a 
paving or “‘pitching’’ above the said level. The carpeling may 
consist of fascines, wood-work, concrete’ asphalt, etc., whilst the 
upper protection or paving may consist of metalling, blocks of 
concrete, sheets or asphalt or concrete, etc. 

The American paper refers to various types of carpeting used. 

When the problem concerns maritime canals, we may be faced 
with two cases: either the canal forms part of the estuary of a 
navigable watercourse and then the aspect of the question is 
similar to that of such watercourses, plus the conditioning of the 
tides and the fact that the water is salt, but with lesser current- 
speeds and a minimum influence of disturbance due to navigation, 
or else it is a matter of a canal properly speaking, such as the 
Suez Canal, to which one of the papers refers, and then the 
problem can be put on a par with inland canals, provided account 
be taken of the particular characteristics which the case may 
present. 

The principal causes which have an influence on erosion in 
maritime canals, and which do not affect fluvial canals, are the 
greater possibility of concrete being attacked by salt water and 
the variations of level due to tidal oscillations, which mainly react 
most extensively in height, as regards the zone to be protected. 
and alternate dryness and humidity to which protective works are 
subjected. The result of these factors is the necessity for all the 
more care in selecting materials and in the labour engaged on such 
protective works, 

Let us finally discuss the case of inland navigable canals. 

In this instance attack of the bed and banks by currents is due 
essentially to backwash from the passing of boats and vortexes 
caused by the propellers of self propelled craft or tugs. 

There may also exist damage due to insufficient drainage of 
the banks and to suction of the component materials of the banks 
when these materials are easily disintegrable. 
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it is evident that, given wet sections of a canal comparatively 
great as compared to the immersed section of the craft, the erosive 
effects of the disturbance caused by the passage of the craft will 
be very slight. Basing ourselves on given values of the relation 
between these two sections, it is possible to dispense with special 
protection to avoid erosion, provided the form of the section is 
suitably conceived. 

To reduce erosion of the bed which is due to vertical motion set 
up by propelle rs, an increase of depth appears more essential than 
increasing the width. 

Unfortunately, it is only in rare cases that it is possible to 
reach such dimensions of the wet section of a canal that the effects 
of erosion need no longer be feared, which will always necessitate 
greater or lesser protection of the banks on navigable waterways, 
although we can to a certain extent have confidence in widening 
in order to restrict the size of protective works, to which special 
care must be paid in the case of new canals. 

From this point of view the Dutch paper by Mr. J. B. Schijf 
is very interesting. Basing himself on considerations as to the 
energy, verified experimentally, he shows how to theoretically 
obtain the value of the ‘‘natural’’ limit of the ratio between the 
wet sections of a canal and of a craft, as well as the speed of the 
backwash and the lowering of the water-line when a boat passes, 
in function of the said ratio, elements that are useful for com- 
paring, for instance, the maximum admissible speed that will not 
cause erosion of the banks and bed of a canal, as well as for 
ascertaining to what minimum depth it wili be necessary to extend 
bank-protection, which it is advisable to erect vertically in order 
to avoid breaking of waves set up. 

On another hand, and as the French paper stresses, erosive 
force is proportionate to the live force of water set in motion and 
as the latter is equivalent (except for friction) to the power exerted 
for propulsion, this exerted power is also of vital importance to 
erosion. 

Under these circumstances, improved forms permitting 
increased speed for craft of one and the same tonnage and power 
or permitting a lesser power used for the same speed will be of 
vital importance, if all the conditions are equal, to the erosive 
power of perturbations set up by the passage of vessels, 

It is necessary to reckon with the fact that power exerted for 
movement increases appreciably as the square of the speed. 

In any case, it is seldom that one can avoid a suitable artificial 
protection of the slopes and: bottom near the banks. For such 
protection, the details of which differ moreover from one case to 
another, in keeping with the market for materials, economy and 
quality of the soil, it is usually considered advisable to adopt 
continuous screens of wooden, metal or reinforced concrete piles, 
and for the revetting of the slopes to use pitching, slabs of ordinary 
or reinforced concrete and asphaltic revetments. The protection 
of the bed close to the banks by carpeting of fascines and rockfill 
is of great importance, as also the existence of a sufficiently wide 
berme, intended mainly to fit in with the final profile, more or 
less parabolic, of the cross-section. 

In certain cases it is wise to remember the necessity of providing 
sufficient drainage of banks and slopes of a canal, as also thorough 
impermeability of the screen of sheet piles, in order to avoid 
possible suction-effects. 

The paper by Messrs. Oesterhaus and Miiller deals with the 
regulation of the Rhine between Strasbourg and Istein (near 
Basle). It refers to the German studies and experiments in which 
artificial sills were placed in the channel to prevent erosion and 
while apparently successful in this respect were found to be 
detrimental to navigation, due to alterations in level of the surface 
of the stream in the vicinity of the sills. 

It appears that great damage is done by the screws of tugs going 
upstream and the dragg sing of anchors. 

It is impossible in the case of a regulated river like the Rhine 
to change the cross-section of the navigable channel in such a way 
as to make the depth of water so great that the bed would no 
longer be attacked by the propellers, for the fall of the river is 
fixed and the depth and width of the channel are dependent on 
one another. 


When the regulation was originally carried out, the cross-section 
was chosen so as to provide sufficient depth for navigation as well 
as sufficient width, and also with a view to the erosive force of the 
river not being increased, But there exists a sufficiently large 
margin of security in the latter respect for a protective layer of 
large stones to be laid without fear of them being torn out. 

Experiments accordingly have been made by means of models, 
by covering the bed of the stream with stones of various sizes, 
which tend to show that a method may have been found whereby 
an effective protection of the bed and a stoppage of erosion may 
be brought about, provided the results are also confirmed by the 
experiments now being made on a trial section of the Rhine. 

In conclusion, the general reporter for Section 1, 2nd Com- 
munication, considers it his duty to draw the attention of the 
Congress to the following points: 

(a) The advisability of continuing the theoretical and 
experimental investigations mentioned in the Dutch 
paper, especially as regards the influence of the type of 
propulsion and the form of craft; dimensions of waves 
set up and distribution in the free transversal section of 
the speed of backwash, a distribution which is of great 
importance to the study of erosion. 

(b) The study, in practice and in laboratories, of the effects 
of the erosive power of vertical motion caused by the 
propellers of tugs and self-propelled vessels, especially 
when starting up, and of the influence of the depth of 
canals in modifying the effects of this erosive power. 

(c) Study of the most suitable dimensions for submerged 
beams in navigable canals and their position in respect of 
the free water level. 

(d) Importance of a good housing in the case of protection 
by screens of sheet piling and the necessity for sufficient 
submerged protection of the base of the slope and their 
protective works. 

(e) The all-important influence, in navigable rivers and 
natural water-courses, of a good layout on the plane and 
in profile of the bed, as well as slight inclination of the 
banks, and the placing of earth clods or longitudinal 
dykes, which confine the flood-bed, sufficiently far apart 
from the minor and mean beds. 


Third Communication.—Value, from the Economical 
Standpoint, of Large Inland Navigable Waterways, and 
_ os ; . «as 
Particular Ways of Developing Inland Navigation 
Traffic 
GENERAL REPORT BY JEAN AUBERT 
Professeur a I’Ecole Nationale des Ponts et Chaussées, 
Ancien Président Directeur Général de la Compagnie Nationale du Rhdéne, 
Président de la Société Francaise de Navigation rhéenane 

The study of the value, from an economic standpoint, of large 
inland navigable waterways has aroused the interest of members 
of our Association, since six different countries have handed in 
papers on this subject. 

One of these papers, the one by Colonel Hall, had been drawn 
up for the Congress which was to have been held at Berlin in 
1940 and is now published without any alterations. 

The various authors have dealt more or less extensively with 
points (a), (b), (c), (d) and (e) of the subject set for discussion. 

It is impossible for us to reproduce in the present General Report 
all the interesting indications contained in the individual papers: 
readers will therefore be obliged to refer to the latter. We merely 
propose to summarise the views expressed, making comparisons 
between some of them. To do that, we will follow the wording 
of the communication, which we reproduce: 


(a) Possibility and results of translation into figures of value, 
from an economic standpoint, of large inland navigable water- 
ways, taking into account the traffic as well as the other 
functions of these waterways (water supply, power production, 
protection against flood and other water). 

Several authors enumerate the qualitative advantages of inland 
navigation. Thus, the Belgian, Dutch, French and Italian papers 
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give us information as to the consistency and volume of inland 
navigation in the various countries, as well as some interesting 
considerations as to the advantages of inland navigation in 
general, but certain of them do not even attempt to go into figures. 

Those who have approached this latter problem have considered 
that the accessory advantages of navigable waterways, of which 
the importance is not contested, should be made the subject of 
quite a distinct estimate apart from the function of navigation 
properly speaking, We are of the same opinion and since there 
is no intermixing of the various estimations, we think it would be 
advisable to restrict ourselves to examine the navigational aspect. 

The French authors consider that one could not go beyond the 
stage of the signs of activity, the tonnage or kilometrical tonnage 
carried, the value of the freight or, better still, the totalising of 
freight paid, forming so many pointers as to the activity and 
utility of a navigable waterway. 

In the same spirit, the Italians mention the number of kilo- 
meirical tons transported annually on the Po and the total amount 
of freight paid by users. 

The Dutch consider that the freight paid corresponds appreci- 
ably to the increased value of the goods which is the consequence 
itself of their transportation. They mention that, for the Nether- 
lands as a whole, this increase represents about a tenth of the 
increase in value of the goods arising from industrial transform- 
ation carried out in the interior of the country. Holland is 
moreover the country in which the percentage of goods carried by 
water is the highest in the world as compared to transport of all 
kinds, since it amounted (at any rate as regards traffic through 
its land frontiers) to 90% before the recent war. 

The Swiss have figured the advantages they reap from naviga- 
tion on the Rhine. This is, moreover, a question of economy 
achieved exclusively at the expense of foreign railways. This 
saving is said to amount to about Frs. 3 (Swiss) per ton of mer- 
chandise travelling by water instead of by rail, This estimate 
refers to the years 1938, the troubled circumstances after the war 
not permitting any reliable estimates to be made. 

The advantage which Switzerland reaped from Rhenish 
navigation before the recent war appears to be comprised between 
13 and 14 million Swiss francs per annum. This benefit must be 
compared to Swiss public and private capital invested in Rhenish 
navigation, the total of which amounted to 145.5 millions. 

We wonder whether Swiss shipowners whose investments are 
included in the above figure did not enable Switzerland to make 
important profits on transportation carried out entirely abroad and 
having foreign countries as their goal. 

The authors finally point out that Switzerland reaps from the 
existence of this navigation other economic advantages which it 
would be very difficult to figure, but of which the extent is great, 
and they give some interesting details as to these advantages. 

If the Swiss paper aims at the international aspect of inland 
navigation, the American report, on the contrary, deals with 
internal traffic. 

The author proposes to grant that the economic advantage 
which navigation procures for the country on a given route can be 
gauged by the saving effected on the cost of transport. Its amount 
is therefore equal to the difference between two sums, the first 
being the total transport charges that would be paid by the 
owners of goods actually carried by water if the same goods had 
been carried by rail and the second being the freight actually paid 
for water carriage. The author states himself that his proposal 
may give rise to criticisms. We consider it, nevertheless, reason- 
able and we think it could serve as the basis for an interesting 
exchange of views at Lisbon. 

Profiting by the existence of old and detailed statistics, the 
author draws up a financial balance of the cost and profits of 
improving the Ohio from a navigation standpoint. In his calcu- 
lations, he allows that the works ought to be written off in 40 
years. His calculations cover the period 1929-1934 and they show 
that the annual commercial profit exceeds, in an average year, the 
expenses constituted by the total of the three following items: 
interest at 4%, on the capital invested, maintenance and operating 
expenses and writing off charges. 





We consider that application of the method suggested by 
Colonel C. L. Hall would be difficult on most waterways, owing 
to meagreness of statistical information which is usually available, 


(b) The motor barge for goods traffic; its dimensions and equip- 
ment; its utilisation on canals and rivers; experience acquired 
and economic results. 


The American paper (remember that it was drawn up for the 
Congress that was to be held in 1940) states that a test made on 
the Mississippi showed that a self propelled craft was mor 
expensive than a hauled barge. The Belgian and Italian papers 
do not mention the use of self propelled craft, whereas the French, 
Dutch and Swiss give some valuable information on this score. 

In France the first self propelled craft appeared in 1926 and 
their number has rapidly grown since then. After the completion 
of reconstruction consecutive to the recent war, self propelled cratt 
will represent, in tonnage, 26% of the fleet. For the same loading 
capacity, the output in kilometrical tons carried in 1938 was 2.6 
times greater for self propelled craft than for hauled boats. This 
result is all the more remarkable because in France there are, 
along canals much used, installations of electric haulage from the 
banks that are very up-to-date. Moreover, self propelled craft 
do not ply much on the canals in question, 

In Holland motor barges represented, on January Ist, 1948, 17% 
in number and 8% in tonnage of the total fleet. The most 
numerous class is motor barges, of which the average carrving 
capacity is about 80 tons. 

In the Swiss paper, M. Ryniker gives some indications as to the 
resistance of water to the running of motor barges and as to the 
empirical rules to be observed for the construction of boats of 
this type. 


(c) High value merchandise traffic, 


High value merchandise is sometimes carried by water in the 
U.S.A., starting either from the Middle West or from the Cin- 
cinnati area, the terminal point being often New Orleans. 

In France, transport of high value goods by water is rare because 
regulations concerning the co-ordination of the various means of 
transport do not permit this to be done except by special licence. 
Such traffic is negligible or not even proposed in Holland and Italy. 

On the other hand, the Swiss paper points out that high value 
goods are starting to be carried on the Rhine in lots of 10 to 200 
tons. This novelty appears to be connected with the use of motor 
barges and the existence at Bale of modern harbour installations. 


(d) and (e) Tanker and container traffic. 


The existence of tankers used to carry various kinds of liquids 
is mentioned in the American, French and Swiss papers. The 
Italian report states, on the contrary, that as such craft have not 
yet made an appearance, lubricating oils and other liquids continue 
to be carried in barrels. The American, French and Dutch papers 
state that containers are not used. 

We have, nevertheless, extracted the following from a paper 
presented by Mr. Paul M. Zeis to the International Congress of 
River Carriers at Paris in 1947 (a report subsequent to that by 
Colonel C. L. Hall) :— 

‘‘ A third measure that has just been tested by the Federal 
‘ Barge Lines is more revolutionary and more likely to give good 
‘results. This test concerns the carriage of general merchandise 
in sealed containers holding five tons. The handling of these 
‘containers, i.e., the placing of them on barges and wagons 1s 
done by cranes. This method obviates the greater part of labour 
‘‘ required for handling cargo piece by piece, Similar containers 
have been tested at New York by a coasting company with 
‘ sensational results as regards the cost of handling cargo. It is 
‘believed that the adoption of this system on inland navigable 
‘ waterways would give equally good results. In fact, it is hoped 
that such reductions will be achieved as regards handling 
‘‘ expenses that the carrying of general merchandise will become 
‘‘a profitable business.’’ 


‘ 
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Beach Erosion and Shore Protection 


By MARTIN A. MASON 


Chief of the Research Section Beach Erosion Board. 





].—Importance of the Problems and Organisation of their Study 

The importance of Shore studies lies in the physical and 
economic consequences of modification of coastal frontiers. To 
the casual observer the direct and indirect effects of natural 
modifications of a shore line and of the resulting changes in the 
contributary drainage system and navigable channels are not 
usually apparent. Yet these effects are important and far 
reaching—as critical observers who study the effects over relatively 
long periods well know. : 

There is good evidence that the aggregate effect of present 
shore line modifications over the entire shore line of the United 
States is a loss of land area, which might be conservatively 
estimated as approximating an annual loss of one foot (30 centi- 
metres) over some 52.000 miles (84.000 kilometres) of shore line 
including the Great Lakes shores. In some areas losses are general 
and excessive, for example, the Chesapeake Bay region, where 
entire islands have disappeared by erosion within the memory 
of man, and where the unprotected shores of both developed and 
agricultural lands are being lost at rates as high as 15 feet (4.50 
metres) per year. In other sections land is being gained as at 
Fire Island Inlet on the south shore of Long Island where littoral 
drift is being trapped by a recently constructed jetty. 

In general, shore line modifications are both of macro-and- 
microscopic scale. The larger changes are those involving con- 
siderable physiographic modification, for example, the truncation 
of headlands and the associated formation and growth of spits 
and bars; or the very important formation of barrier beaches 
and associated lagoons. This latter phenomenon is responsible 
for the present shore features of the shore of Long Island and 
the New Jersey coast, which are familiar to most Americans, and 
is one of the most important aggradational aspects of shore 
modification. The barrier serves as a protective bulwark of the 
lagoon, which usually is slowly filled be sedimentation from the 
drainage channels discharging into it, thus ultimately reclaiming 
water areas. The process is a long one and of large scale, and is 
not without some important effects on the associated animal and 
plant life. This change has economic significance, particularly 
for the shellfish industry, .and physical significance of great 
importance to wild life. 

Drainage systems emptying through shores subject to 
modification can have their lower reaches appreciably changed by 
migration or closing of their outlets. Thus land areas which 
normally would not be subject to inundation or submergence are 
compromised and lose much if not all their economic significance. 
Sediment deposit areas are created in the lower reaches of the 
drainage system, thereby modifying the flow regime of the 
streams, 

Of particular interest is the physical effect of shore modifica- 
tion on navigation.  Silting of natural and artificial navigable 
channels, obstruction of harbour entrances, and deterioration of 
harbour depths are all effected frequently by shore modification. 
The deterioration of dredged channels crossing shore lines and 
outer bars requires constant attention and the expenditure of 
large sums in maintenance dredging. all by reason of the littoral 
movement of shore material involved in shore modification. The 
protection of inlets and river entrances by jetties is required both 
for protection of shipping from wave action and of the channel 
from closure by littorally moving material. The engineering 
problems posed by these situations in the United States of America 
have taxed the best minds in the Corps of Engineers for years. 

The physical effects of shore phenomena which we have dis- 
cussed briefly are often equalled and surpassed by the economic 
consequences of the modifications. From the viewpoint of the 
average individual the problem is most apparent in resort areas. 
The individual may only use the beaches at various localities 
as a visitor, in which case he spends his time and money at those 
beaches which appeal to him, leaving deteriorated or damaged 
areas to the owners. If, however, the individual is a beach 
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property owner his economic interest in the beach is doubled, for 
shore phenomena of erosion, and sometimes accretion, may 
seriously endanger or obliterate his interests. 

The economic importance of erosion of agricultural or un- 
developed lands is generally considered to be slight, though in 
the aggregate, over the country as a whole, the total is impressive. 
The intrinsic importance is real, however, though the high cost 
of protection has prevented any extensive consideration of the 
economics of such problems, it being readily apparent that it is 
not economically sound to spend $50 a front foot to protect 
property worth only $100 an acre on the marke. 

In the United States, the physical and economic importance of 
shore studies has been recognised by Federal and State legislation 
for a long time, though it was only in 1945 and 1946 that a policy 
recognising Federal financial responsibility was adopted. 

Co-operative studies of beach erosion, designed to develop 
effective means preventing erosion of coastal and lake shores by 
waves and currents, were authorised by Section 2 of the River 
and Harbour Act approved July 3, 1930. The cost of these 
studies is borne equally by the United States and the co-operating 
agency, which must be a State, municipality, political subdivision, 
or one of their governmental agencies with authority to study 
shore problems. 

Section 5 of the River and Harbour Act approved August 30, 
1935, required that plans for the improvement of the entrance at 
the mouth of any river or at any inlet consider the configuration 
of the shore line, and the probable effect of the improvement 
that may be expected for a distance of not less than 10 miles on 
either side of the entrance. 

Federal responsibility for the development of a science of shore 
protection, in the sense of development of means, procedures and 
techniques, was assumed by Public Law 166 of the 79th Congress, 
approved July 31, 1945. This act declares the duty of the Chief 
of Engineers, active through the Beach Erosion Board, to make 
general investigations, entirely at Federal expense, with a view 
to preventing erosion of the shores of the United States by waves 
and currents, and determining the most suitable methods for the 
protection, restoration and development of beaches; and to publish 
data and information concerning the erosion and protection of 
beaches and shore lines. 

The second section of this act establishes studies of erosion and 
shore control on the same level as river and harbour studies, 
opening the possibility for direct remedial action by the Federal 
government in the form of adoption of a Federal project for 
improvement to be accomplished partially or wholly at Federal 
expense. 

The most recent Federal legislation regarding shore control is 
Public Law 127, 79th Congress, approved August 13, 1946, which 
declares the policy of the United States to assist in the con- 
struction, but not the maintenance, of works for the improvement 
and protection against erosion by waves and currents of the 
publicly-owned shores of the United States. It restricts the 
Federal contribution to a maximum of one-third the total cost 
of such improvements, except in the case of certain sea walls. 
Provision is made for the prosecution of the work by either the 
Corps of Engineers or the local political subdivision. 

Federal responsibility in shore control and research in shore 
processes is not completely vested in the Corps of Engineers, The 
National Park Service, the Bureau of Yards and Docks, the 
Bureau of Ships, and the Hydrographic Office, Navy Department, 
all have an intimate interest in and responsibility for certain 
phases of shore studies and protective works. 

State responsibility in shore control matters has been assumed 
notably by the States of California, New Jersey, New York, 
Ohio and the Commonwealths of Pennsylvania and Massa- 
chusetts. Active participation in studies and the construction of 
protective works is provided in each of these states, the costs 
being equally divided in general. Most existing state legislation 
permits Federal contribution to the costs of construction of pro- 
tective works. 


II.—Basic Knowledge of Shore Phenomena 


In this paper, it obviously will be impossible to consider more 
than a brief outline of what is known of shore phenomena or to 
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discuss more than the elements of the philosophy on which 
methods of solution are based. 

Two concepts are fundamental to the study of shore 
phenomena. The first is that of the physiographic unit. This 
unit may be defined as a shore area so limited that the shore 
phenomena within the area are not affected by the physical con- 
ditions in adjacent areas. Analysis of shore problems indicates 
that, for the purposes of studies directed toward protection or 
modification of the shore, all important phenomena depend upon 
the material and energy available to the shore. What we seek 
in a physiographic unit, therefore, is a shore area so defined that 
the energy and material available within the area are not 
dependent upon adjacent areas. The physiographic unit defines 
the boundaries of the area to be studied when considering shore 
problems, 

The second basic concept is that of material-energy balance 
within the physiographic unit. Material balance coincides 
equality between the quantity of material supplied to, and that 
lost from a shore area. Obviously a time factor must be intro- 
duced, which requires that the volume of material considered be 
thought of as a rate of supply or loss. Thus we may be concerned 
with material balances pertaining to days, months, seasons or 
years, among others. Since material is moved from its source 
into and away from any given beach or shore section only by the 
application of forces we must think also of rates of doing work, 
or energy. 

Let us examine briefly the factors involved in material balance. 
If we assume some hypothetical shore stretch and consider the 
material situation therein we find that formulation of a complete 
balance requires knowledge of the rates of: 

(1) Littoral drift to and from the area. 

(2) Supply and loss from and to the adjacent sea bottom. 

(3) Supply and loss from and to the adjacent land, including 
specifically dune area and other marginal land features. 

(4) Supply of material contributed by drainage features. 
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A physiographic unit: Monterey Bay (California). 





Unfortunately it is not possible, in the present state of the 
science, to evaluate these factors in other than a qualitative 
fashion, Comparative study can indicate the probable relative 
importance of each of the factors, but only rarely is quantitative 
data available. In many areas only cursory examination is 
required to establish the littoral drift as the most important item, 
for example, the New Jersey Coast; whereas other areas are very 
complicated, for example, the Montery Bay, California coast, 
where large supplies of material brought to the coast by streams 
and a submarine canyon greatly influence the coastal regimen. 

Littoral drift can be evaluated by the amount of material 
trapped by shore structures, either natural or man-made, and 
from knowledge of the rate of depletion of sources of supply, for 
example, eroding cliffs or headlands. 

Estimation of the material volume derived from or lost to the 
adjacent sea bottom is unsatisfactory at present. Experiments are 
in progress at reduced scale in the laboratory which give promise 
of confirming some conclusions reached from theogetical con- 
siderations as to material transportation on the sea bottom. How- 
ever, there is little, if any, evidence of a conclusive nature with 
respect to this phenomenon in nature. 

The quantity of material derived from or lost to the land can 
be evaluated with fair accuracy by comparative study of the 
topography of the area at various times, coupled with knowledge 
of the character of the land and shore material. 

The determination of the volume of material supplied to a shore 
area by streams, gully washes, or other drainage features is 
facilitated by knowledge of the suspended and bed load carried 
by the flow. Sometimes this information can be gained from 
study of the stream mouth delta more easily from records of the 
rate of silting, or filling, of the stream upstream of the mouth. 
The wide variation of material load carried, between flood and 
normal stages, must be kept in mind. 

As we have mentioned already, material is transported in the 
shore area, and sometimes derived from area sources, by the 
application of energy available in several forms. The more 
important forms are waves and currents, though tidal energy in 
the form of elevation and depression of the sea surface is impor- 
tant in a unique fashion. 

Waves are generated by wind, either local or distant, by the 
inter-action of the atmosphere and the sea surface. The energy 
of the wave is divided into potential energy, represented by the 
variation in surface elevation of the sea, and kinetic energy, 
represented by the internal movement of water participating in 
the wave motion. If a wave breaks on the shore essentially all of 
its energy is available to move material within or out of the beach 
environment. At the break the total energy of the wave probably 
becomes kinetic and material movement then is a function of the 
velocity regime in the shore area. It is apparent that the beach 
area affected is bounded approximately by the point of break of 
the wave and the most landward extent of the wave wash on the 
beach. 

Waves offshore seldom travel in directions perpendicular or 
parallel to the shore, generally approaching the shore at some 
intermediate angle. As the wave reaches shoaling water of a depth 
equal to about one-half the wave length, its characteristics .are 
modified. The wave period remains the same, but the velocity 
of advance of the wave form, the height, and the wave length 
change. Particularly, the velocity of advance is reduced and the 
length shortened. This bottom effect causes a so-called ‘‘ refrac- 
tion ’’’ or bending of the wave, in a direction to cause the wave to 
become parallel to the depth contours. Observation has shown 
that wave crests usually reach an exposed shore with a direction 
not exceeding about 15° from the shore line direction. A 
moment’s study shows that the velocity regime mentioned pre- 
viously must have an alongshore component. It is this component 
that furnishes the energy maintaining littoral] drift. 

When currents exist they contribute kinetic energy to the 
balance, and they must be considered though they may be of 
apparently minor magnitude. The reason for their inclusion lies 
in the power they have to transport material that is thrown ‘into’ 
suspension by breaking waves. Currents of velocity in excess of 
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about 1.5 feet per second are component in themselves to pick up 
and transport material. 

While it is not possible at present to establish a numerical 
energy balance, a qualitative balance can be reached by com- 
parative study of the individual energy sources. 

The material supplied to beaches is derived from coastal land 
by wave attack or is supplied to the littoral zone by stream action, 
wind transportation, or other agents of subaerial erosion. In any 
case, the material must derive ultimately from the decomposition 
products of hard or soft rocks. Thus shore materials can be said 
to consist of rock fragments, mineral grains, or decomposition 
products of these two. What we are concerned with in studying 
beach materials is then a population or aggregation of discrete 
particles, The behaviour of the population is obviously conditioned 
by, and a function of the character of the discrete member 
particles, 

The character of the materials derived from hard rocks, such as 
granite, schist, slate or sandstone, is usually that of fragments of 
the parent; that is, a size reduction of the material is the chief 
metamorphic effect of the wave action. Soft rock erosion, on the 
other hand, usually results in the production of heterogeneous 
materials, both because of the heterogeneity of the parent and of 
the relative ease of mechanical deterioration of soft rocks into 
mineral constituents. Each of the numerous sources of materials 
show a consistency in certain characteristics of derived products. 
For example, hard rocks always break down under wave action 
into angular fragments, whereas glacial till always furnishes 
rounded fragments with smaller size material. These consistent 
characteristics furnish us with a method of identifying sources. 
Further, many of these characteristics are modified in unique 
fashion by the dynamic processes to which they may be subjected, 
thus establishing the possibility of identifying and describing 
dynamic processes from examination of modified materials. 

We now see the significance of material analyses. Such analyses 
are concerned with the determination of the size, shape, texture 
and mineral constituents of the discrete particles, and the size 
range, materials and variations of composition of the populations 
of particles. Aside from the usefulness of analyses in the iden- 
tification of sources and dynamic processes, the analytical inform- 
ation is of great value in predicting the effects of modification of 
sources and processes. 

We cannot now discuss in detail the methodology and philosophy 
of material analyses, but a few moments must be given to dis- 
cussion of transportation effects, since these are so important in 
shore line phenomena. Many experiments and observations have 
defined a process known as selective transportation. If we follow 
a given population of particles through a period of transportation 
we find that the average or median size of the population 
decreases in the direction of movement. This effect results more 
from the loss of larger particles through incompetence of the 
carrying stream than from the attrition or wearing away of 
individual particles. In other words, for a given energy input the 
large particles are transported smaller distances than the small 
particles. Further, by reason of abrasion and impact of individual 
particles, the shapes of the particles are modified to more nearby 
approach true spheres. An additional transportation effect is that 
of change in the surface texture of particles. Particles near their 
source may be relatively rough, whereas those subjected to long 
transportation are smooth. Wind transportation produces a 
characteristic frosted surface absent when water transportation is 
involved. At the moment it can be said that selective transporta- 
tion effects are among our most reliable indicators of the dynamic 
processes to which the beach material has been subjected. So 
much for our discussion of beach materials. 

Energy at the shore line may be applied through any or all 
the three coincident media concerned, land, air and water. Only 
the latter two are considered presently to be important, except in 
the rare cases of seismic disturbance of other metamorphic 
changes, such as slippage due to faulting. Energy of the air is 
considered to be applied principally by the wind. Two important 
results of wind action are: transportation of material to and from 
the beach and usually associated dune areas; and generation or 
modification of water waves. The effectiveness of waves as an 


energy transfer medium lends great importance to the latter result. 
Current generation is not to be neglected when studying atmos- 
pheric energy, though usually it can be neglected as a determining 
factor in shore processes. 

Atmospheric energy in the form of wind is expended on beach 
areas in the transportation of material cast onshore by waves and 
allowed to dry on the upper reaches of the beach. If large 
quantities of material are thus made available for movement the 
result is usually a dune area landward of the beach. Conveniently, 
the volume of material removed from the beach or lost from the 
dune area and supplied to the beach by this process is easily 
determinable by comparative study of the dune area topography 
and simple cubature. Selective transportation effects are present, 
though less importantly than for longer transportation processes, 
the most evident effect being a surface texture change, the frost- 
ing of individual particles. 

Winds are believed to generate water waves by a combined 
frictional drag and pressure action. Certain minimum wind 
velocities, duration times and fetches, or distances over which the 
wind blows in a constant fashion, are related to the achievement 
of maximum energy transfer from the wind to the water. The 
significance of atmospheric energy here lies in the fact that by 
the generation of water waves, which can act directly on the shore 
with little loss of effectiveness, the atmospheric energy can affect 
shore processes much more powerfully than would be possible 
otherwise. 

We have discussed previously the transportation characteristics 
of water waves. In addition, we must examine the effect of wave 
action on shore line structures. The problem is chiefly one of 
structural stability and has two phases; one, the ability of the 
structure to withstand the force of wave attack; two, the ability 
of the structure to withstand secondary effects of the wave action, 
such as undermining. The first phase is concerned with the 
design problem of sustaining impact and static loads which can 
be expected from usual and unusual conditions of wave action. 
This requires quite extensive knowledge of the wave characteristics 
at the locality, knowledge which is generally not available at 
present. The second phase involves knowledge of the hydraulic 
and other effects of wave action on the environment in which the 
structure is located. Among these effects, formation of clapotis, 
or standing waves; erosion of the bottom at the toe of the struc- 
ture; and loss or fill of bottom material are those of chief interest. 
Some information on these matters is available. 


III.—Method of Solution of Shore Problems 


To this point we have considered the basic responsibility for 
shore studies, the fundamentals of the philosophy of solution of 
shore problems, and, very briefly, some of the basic knowledge 
available to the engineer in his attack on the problem. Now we 
will consider how we may solve shore problems. 

It is assumed that the objective of the study is clearly defined. 
This may be to prevent further loss of land to the sea, or to pro- 
vide recreational beach of specified character and extent, or to 
protect a certain area of upland by provision of a beach, etc. 

The first problem is to determine what information is needed to 
enable formulation of, at least, a qualitative material-energy 
balance. We must have, first of all, a reference base for horizontal 
and vertical positioning of the physical situation. This takes the 
form of a base line of level and azimuth, permanently monumented 
to allow recovery at a future date, and referenced to triangulation 
and level nets. 

There must be knowledge of existing physical conditions, which 
is provided by hydrographic and topographic surveys of the area 
to be studied. Here we make use of the concept of the physio- 
graphic unit. Obviously an answer can be obtained with greater 
ease and accuracy for an isolated unit than for one which is 
subject to extraneous influences. We examine our problem area 
from the viewpoints of coastal physiography, probable sources of 
material, and probable factors influencing littoral drift, with the 
purpose of determining the boundaries of the area which must be 
surveyed to existing physical conditions and the forces modifying 
such conditions. Having selected the area to be studied, we 
require accurate knowledge of the water depths, generally to the 
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East Rockaway Inlet, New York. 
An inlet on a sandy coast protected by a jetty. 
* The way in which drift has been checked by tne jetty, together with the eftect of the groynes, can be the 


seen. 


wave pattern noticeable. 
water of the inlet channel is also visible. 


18 foot or 30 foot depth mean low water, of the intimate topography 
and culture of the problem area, and of the critical topographic 
features of the study area. 

Aerial photographs are usually required to supplement the 
hydrographic and topographic survey information, and can be 
expected to furnish valuable collateral information on many aspects 
of the problem through critical interpretation. Care must be 
taken to ensure high quality photography, since beach areas are 
extremely difficult to photograph satisfactorily. 

A number of items must be included to supply incomplete basic 
information. Such items are records of the average wind regimen, 
studies of the character and effects of storms with particular 
reference to their effects, and the reason for such effects, on the 
shore; studies of the geology of the area, particularly of the 
materials present, which can be considered as present or potential 
sources and of the geologic relations controlling the areal physio- 
graphy. 

Recalling the previously stated principles of material-energy 
balance within the physiographic unit attempt should be made to 
obtain additional information required to compute these balances. 
Items usually required for this purpose are: studies of the impound- 
ing or sand trapping associated with existing shore structures to 
indicate the predominant direction and approximate magnitude of 
the littoral drift; samples of the beach material and probable source 
material, with such analyses of size, shape, texture, etc. . . as 
may be desirable to define the transportation processes and effects 
to which the material has been submitted; information on the 
character of the wave action within the study area, with corollary 
knowledge of important current phenomena. Sources of material, 
if they are defined, should be examined with a view to evaluating 
the rate at which they have and are presently supplying material. 





Note the wave pattern; to the right of the jetty smali waves due to local winds are superimposed 
upon large ones coming in from the open sea, their crests roughly parallel with the main coast, these 
waves are refracted near the coast and reflected by the jetty which two effects cause the criss-cross (3) 
To the left of the jetty the influence upon the large waves, of the deeper 


upon the definition oi what is happening 


aud how it happens. It has been tound 

tat tais Gefiniuon is facilitated by use of 

the fotlowing questions: 

(1) What are the sources and character of 
the beach material 

(2) What are the rates of supply and loss 
of material to and from the problen 
area? 

(3) What is the manner of movement of 
material from the source to the beach 
and from the beach to other areas’? 

It is immediately apparent that, if 
answers to these questions can be obtained, 
the physical conditions causing the problem 


i) 


situation will be defined. This is the 
definition of the problem. It has been the 
experience of investigators in this field 


that there are usually unique definitions of 
tne problems, viz., each problem is separate 
and distinct, thus making the solution of 
such problems by analogy an unsatisfactory 
method. There has been a tendency to 
practice solution by analogy, which still 
continues to some extent, but which also is 
on the decline as more and more knowledge 
of the problem is developed. 

Analysis of the problem reduces to con- 
sideration of the following factors: 

(1) What are the feasible methods of 
modifying rates of supply and loss of 
material to achieve the desired results, 
and what are the effects of such 
modification? 

(2) What are the design requirements oi 

feasible methods of modifying 

supply and loss rates? 

What is the economic cost of each of 

the feasible methods of modifying rates 

of supply antl loss? 

Presently known feasible methods of modifying supply and loss 
rates are limited with one exception to various types and place- 
ments of structures. You know these by their designations as 
breakwaters, jetties, bulkheads, sea walls, revetments and groins. 
One method which has been recommended frequently, and is the 
only non-structural method, is that of artificial nourishment. 

Breakwaters, as the name implies, are energy dissipating 
structures employed to break or dissipate water waves and thus 
prevent their incidence on an area it is desired to protect. Their 
effect on material movement arises entirely from modification, 
usually in the form of reduction, of incident energy in the form of 
water waves. 

Bulkheads, sea walls and revetments constitute a class of 
structures whose chief function is to substitute non-erodible for 
erodible material and concurrently provide for energy dissipation. 
Their effect on the movement of material is direct, by the substi- 
tution of materials, and indirect, by the modification, sometimes 
dissipative, of the energy in incident waves or currents. They are 
employed widely and are particularly suited for the preservation 
of a definite land-water boundary at a given location. There is 
almost always an increase in degradational action associated with 
their use. 

Groins are structures designed and built to intercept material in 
littoral movement and thus modify rates of supply and loss of 
material directly. Their influence on the energy pattern is almost 
entirely indirect, and may be non-existent. It should be noted 
that because groins, if effective, change the physiographic con- 
ditions adjacent to them, their function should be considered as 
more than to act simply as barriers to movement. They may be 
the cause, through changing physiographic conditions, of appre- 
ciable modification of the entire littoral regimen. 
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etties are multi-purpose structures, whose functions may 
include those of breakwaters, groins and bulkheads. They are 
usually associated with inlets, river mouths or harbour entrances, 
and frequently result in major physiographic changes, Analysis 
of the effects of jetties on shore lines is one of the most difficult 
of shore problems to solve in detail, the ease with which general 
features of the effects can be predicted belying the difficulty of a 
detailed analysis. 

Artificial nourishment is adequately described by its name as a 
method of supplying material additional to that available naturally. 
It is useful for rehabilitating or rebuilding beaches, for maintaining 
a desired existing beach condition, or for modifying to a large or 
small extent partially desirable conditions. Although gaining in 
popularity as a shore control method. little authoritative data on 
its requirements or performance are available. 
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Condition of Beach before and after placement of artificial fill. 
Groin No. 135 N. 


Closely associated with these methods of modifying rates of 
supply and loss, and important in consideration of their use, are 
the design requirements of the methods. These cannot be dis- 
cussed in detail here, but the general features of the requirements 
may be | sted. 

Design requirements fall into two categories, those controlling 
structural stability, and those governing the hydraulic effects of 
the structure. Structural stability is obviously a function of the 
structural material, the loads to which the structure may be sub- 
jected, and the foundation character. The major unknown here 
is the loads which may affect the structure; static load of sur- 
charged material, wave impact, ice loading, are some of the loads 
which must be considered. Hydraulic design requirements are 
somewhat more difficult to handle, largely because so little is 
known of the hydraulics of the structure situations. The impor- 
tant point to guard against is the possibility of creating erosive 
hydraulic conditions by action of the structure. 

In many instances it will be found that alternate solutions of 
shore problems are indicated by the analysis of the physical 
problem. In other instances there will be a unique solution. When 
a choice is possible, the problem analysis should include inform- 
ation on the comparative economic cost in sufficient detail to permit 
final selection of a plan of solution on the basis of economic 
advantage between otherwise equal plans. It may be found that 
two, or more, plans are feasible but not equally desirable from 
a physical viewpoint, and considerations of economy are important. 
In this case, economic cost is the controlling item dictating the 
selection of a plan, even at the expense of desirable physical 
advantages. Note that throughout this discussion we are con- 
sidering alternate solutions only when the problem analysis 
indicates such solutions are admissible. In every case the criterion 
of physical feasibility must be the ultimate control. 

The formulation of the solution is a simple process of fitting 
the selected plan of control into the problem area in such fashion 
as to achieve the objective of the study. For example, if the 
analysis indicates that groin construction is the solution of the 
problem, then formulation involves determination of the profile 
of the groin, selection of locations for groin placement, and 
determination of the construction plan, i.e., when the groins should 
be built, in what order they should be built, etc. If artificial 
nourishment is the solution indicated by analysis, then formulation 
of the solution involves selection of a method of depositing the 
additional material, detailed planning of the transport of material 
to the area of deposit, selection of the season of year most 
favourable for the work, etc. 


IV.—Future Developments 

It must be apparent by now that there are great deficiencies in 
our knowledge of even some of the less complicated phenomena 
of shore line behaviour, We can reasonably inquire, therefore, 
what the future holds for shore line control. 

It is my belief that the future developments in shore study and 
control are contingent upon two factors: first and most important, 
fundamental research in materials, the transportation of materials, 
and methods of modifying the material-energy balance of an 
area; second, what might be called political-financial consider- 
ations, which control the interest in and support given to the 
required fundamental research. 

In the field we are concerned with, as in many other technical 
fields, there is a serious, almost critical shortage of basic inform- 
ation. Without such information, the technical man finds it 
impossible to advance applied research. The science ceases to 
progress and decadence is inevitable unless the lack of progress 
initiates fundamental research. In our field we have progressed 
as far as we have largely on fundamental research in other fields, 
notably geology, hydraulics, mathematics and physics, we have 
made no fundamental contributions of our own. It is necessary 
that we initiate and support vigorously both fundamental and 
applied research in our field. Our greatest need is for such work 
on shore materials and the transportation of materials under 
maritime conditions. The knowledge of uni-directional transport- 
ation of material in streams is of only partial value to us in our 
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Barge Building by Mass Production 


Entirely New Methods Adopted 





Towards the end of the last war, lighterage companies on the 
Thames found their fleets of dumb barges gravely depleted due to 
war losses and re-building restrictions, and the Tees Side Bridge & 
Engineering Works, Ltd., was approached by two of the largest 
barge users to help make good the deficiencies. 














finished panels of side 


Fig. 1.—Stacked in the foreground are 
The plane 


shell plates as received from the Fabricating Shops. 
table is shown in the centre, with a barge partially assembled, 
including bottom plates, port side shell, fore and ait. bulkheads, 
and the lattice erection jigs in position. Tack Welding is done 
alter the erection of the starboard, side shell plating. The barge 
is then jacked up, end carriages inserted, and the barge seated 
and anal along the line to Stage I], The background shows a 
barge at Stage Il with forward swim added. 


With experience and knowledge gained in successfully building 
more than 200 naval craft during the war, the Company applied 
the principles of welded pre-fabrication, and coupled with this, in- 
troduced an entirely new method of site building, based on the 
belt conveyor methods of production, in order to expedite and 
simplify the completion of the craft. 

Permission to adopt these unorthodox methods of construction 
was obtained from the Admiralty, and a site on the River Tees 
was taken over and laid out for building during 1945. 

The first barge became water-borne (launching is eleminated in 
the new building technique described below) on the 2nd April, 
1946, and since that date, a steady stream of barges of various 
standard types and tonnages has been produced, numbering 
approximately 450 to date, and reaching a peak production of 16 
per month. 

Method of Manufacture 


In determining the method of building these craft, consideration 
of the following factors had to receive close attention: 
(a) Transport to site—finished portions of the barge to be 
suitable for road or rail transport. 
(b) Steelwork details to suit jig assembly for fabrication, and 
the jig assembly on the barge as a whole at the building 


site. 

(c) Details to be so arranged that all fabrication was done at 
the works. 

(d) Steelwork details arranged to facilitate easy and speedy 
erection. 


The introduction at the building site of an assembly line on the 
conveyor system to control mechanically the various operations 
necessitated accurate estimates of timing and assembly, tack and 
final welding, testing, painting and transfer to the river, in order 
to determine the length of the conveyor line. Ultimately, it was 
decided to accommodate 14 building berths and three standage 
berths. These estimates were used as a basis for personnel re- 
quirements, traffic and handling facilities and the supply of the 
various services to the site. 

The method of manufacturing the pre-fabricated welded com- 
ponents to give complete inter-changeability and standardisation 
for ease of sight erection necessitated very careful and elaborate jig 
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and tool work in the Constructional Shop, and to ensure adeqp ate 
supplies of finished components to meet the building prograin ne, 
accurate planning was necessary. 


Fabrication Details 


The total weight ot finished steel work in one type of barge in- 
cluding steel ceiling is 55 tons, comprising 43 major pre- fabricated 
pieces, the largest piece being a bulkhead 11-ft. 3-in. deep by 
29-ft. 6-in. wide, weighing 32 cwts., which are sent to site complete. 

Deck sides and bottoms are made up into convenient pieces for 
jigging and handling. The deck plating and coaming are com- 
bined, one plate being flanged and fitted with deck knees. 

Assembling and Flotation 

The assembly line can be compared in principle with a travelling 
overhead crane, end carriages being used, with the barge tunction- 
ing as the tie between the end carriages, tne exception being a dead 
weight and triction grip between the face of the barge bottom and 
the top side of the end carriages, in lieu of the usual bolted or 
rivetted connection. The top tace of the end carriage is made of 
timber to give a better triction co-efficient. 

The carriages are in use from the first stage of building until the 
barge is water-borne. The length of the gantry on which the barge 
moves from the head of the line to the water's edge is 477-tt., of 
which the approach to the ramp (a length of 386-1t. 9-in.) is sei 
to a declivity of 1 in 252, to tacilitate movement of barges along 
the line by hand. 


The gantry girders are supported on short columns. The cross 
centres are 42-ft. and tne height from ground to rail level 


3-ft. 3}-in. This dimension plus the depth of the end carriage 
gives a working clearing of 5-ft. 3-in. between the ground level and 
the underside of the barge. 

The ramp forms part of the gantry and is 90-ft. 3-in. long and 
falls 17-tt. l-in. to the water’s edge. This fall is in four stages, 
the latter stage being the flotation station at the water’s edge. 

The determination of the ramp slopes was governed by the 
change in the centre of gravity incurred as the barge moves down 
the ramp. At the head of the line was installed a stage made up 
of Joist Channels, etc., the top of which is level to }-in. up or 
down, and the height above the ground level be ing 5-ft. 4-in. The 
portion of the table between the gantry girders is 35-tt. by 18-ft. 
with two smaller tables at each side of the gantry 4-ft. 6-in. by 

18-ft. The 18-ft. dimension is to suit the width of the barge. The 

centres of the joist girders on the table coincide with the butt joints 

on the barge bottom, which occur at every four frame spaces, 
7-ft. 

y oe 15-ton jacks with a travel of 6-ft. are built into the table. 
The jacks are used when the barge has reached the completion of 
the first building stage, to raise the barge and insert the end car- 
riages and lower the barge until it is truly seated on the end 
carriage. 














Fig. 2.—View of a completed barge ready for launching. The end 


carriages are clearly shown, as are the lowering wires, threading 

through the 10-tons snatch blocks on each end carriage. The 

barge is held at the automatic stops on the first gradient of the 
launching ramp. 


For handling the barge steel work on the assembly line, a 7-ton 
electrically- -operated Scotch derrick is used, and lower down the 
line at stages 3 and 4, there is at each side of the gantry one 3-ton 
electrically-operated Scotch derrick. At the ramp end of the line 
and adjacent to the wharf side, a 10-ton electrically-operated 
Scotch derrick is used for reclaiming the end carriages after barges 
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become water-borne, and tor handling miscellaneous items on the 
barges at the wharf, i.e., hatch covers, etc. 

As all welding, with the exception of tack welding, has to be 
done under cover, a shed 100-tt. span by 146-ft. long was erected, 
and three overhead runways were slung from the roof, each carry- 
ing a block with lifting capacity of 14 tons. This shed covers 
five berths, these being the main welding berths, and the testing 
and painting berths. 

Assembling Sequence 

Commencing at the land end of the conveyor nine bottom 
plates are laid on the plane table. Erection jigs composed of two 
lattice girders which are spaced at centres with complementary 
bracing, are then introduced. Across the top booms, cross beams 
are fixed. The main girders are clipped to the floor angles on the 
bottom plates, and the barge side shell plates on the ‘'midship 
portion are then erected, followed by the two bulkheads to which 
the lattice girders are temporarily connected, and the deck and 
coamings. 

After tack welding, the barge is lifted on to the end carriages 
by means of the four jacks. The trailing wheel on each end car 
riage is fitted with a spur ring 72-teeth 3 D.P., and runner pinion 
15-teeth 3 D.P. is coupled to a ratchet and lever arm. With a 
lever arm 6-ft. in length, one man on each carriage propels the 
barge along the gantry with a minimum of effort. 

At Stage 2, further erection jigs are introduced, around which 
is erected the swim steel work. These are then tack-welded. 

At Stage 3 the swim nose pieces are added and on the aft swim 
the budget or rudder. The barge is then moved into the shed 
where full welding commences. At this stage are also introduced 
deck fittings, such as scuttles,- bollards, tow posts and limber 
plates, etc. After cull welding of bottom, side and deck joints, the 
erection jigs are dismantled. 

At the next stage full welding is completed and subsequently all 
welds are submitted to a water test. All steel work is then dried 
and cleaned ready for the application of the bitumastic solutions 
on the inside bottom plating and flooring, and for the balance of 
the interior and exterior painting. The ceiling plates are then laid 
on the floors and welded into position. 

Finally, the barge moves out of the shed further down the line 
to the water-borne station. The lowering equipment consists of 
two 15-ton winches which are operated by 25 h.p. motors. The 
winches and motors are situated at the side of the gantry, well 
clear of the barges as they move down the line. 
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Fig. 3.—View of the same barge on the first gradient, looking from 


the forward end. The automatic stops, snatch blocks and wires 
can be seen more .clearly. In the background is the 10-tons 
Scottish Derrick which serves the whari. 

The barge is propelled by hand on to the first slope of the ramp 
mentioned previously and is held on this slope by an automatic 
stop. Snatch blocks are then coupled to the end carriages, the 
automatic stop released and the barge gradually lowered under 
control through the winches to the flotation stage. Prior to the 
movement down the ramp to each end carriage is attached a wire 
lashing of sufficient length to enable the 10-ton derrick to recover 
the carriages after the barge becomes water-borne. 
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After flotation, the barges are drawn alongside the wharf and 
moored. Attention is then given to the completion of the special 
painting on the coaming, such as house colours, names, etc., and 

















Fig. 4.—Barge being lowered down the ramp into the full tide: 
as the barge becomes waterborne, the carriages fall from the ramp 
and are recovered later. 
also the installation of port and starboard iight screens and over- 
taking lights. In certain hatch covers are fitted to the 
barges, in particular where the barges leave the Tees carrying coal 
as ballast. Barges are towed in pairs from the Tees to the Thames 

by means of ocean-going tugs. 


Cases, 


Conclusions 


Various advantages are claimed for this method of building, 


among them being: 

1. High-class workmanship and accuracy are obtained by jig 
building methods for fabrication and assembling the barge 
as a whole. 

2. Speed of building—up to 16 per month. 

3. Saving in steel work of this type of construction against 
rivetted is 11.8%. 

4. Savings in cost and increase in carrying capacity are also 
obtained. 

5. Method of transfer to water is scientific and controlled. 

6. Flotation is not interfered with by tide. 

7. Considerable savings in maintenance of barges and reduced 
cost of repairs compared with rivetting. 








Beach Erosion and Shore Protection 
(concluded from page 217 


problem of multi-directional flow under periodically varying 
forces. We must know more about the details of material 
derivation from source rocks, the degradational processes of 
derivation and transportation, the possibilities of metamorphosis 
of constituent particles and populations of particles. It is essential 
to know the details of littoral movement of materials, the relation- 
ships of energy to material movement, the feature of energy 
transfer and dissipation in the coastal environment, the require- 
ments for modification of the material-energy balance, even how 
to compute an accurate, quantitative material-energy balance. 
The problem is difficult technically, it is insoluble without 
strong and vigorous political and financial support. Political 
support is required to continue the centralization of effort in 
organisations devoted solely to the problem of shore control, with 
its attendant benefits of most effective utilisation of available 
mental and financial resources, and to foster the use of knowledge 
thus developed by all groups concerned with shore control. About 
financial support, almost anything I can say would be redundant. 
Obviously no progress can be made without funds to finance not 
only the application of knowledge but also, and more impor- 
tantly, at present, to finance the development of basic knowledge 
which has no immediate discernible money value. 
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Notes of the Month 


Hull Port Advisory Committee. 

A port advisory committee has been formed at Hull representa- 
tive of shipping and trading interests and trade unions of the port 
to consult and co-operate with the chief docks manager, Humber 
ports, on matters designed to encourage and develop trade and 
facilities other than matters which are the responsibility of bodies 
already constituted, such as joint industrial councils. It is the 
first committee of this kind in the nationalised dock industry, and 
may be the forerunner of similar organisations at other ports. 


Free Port Zone in Venice. 

The port of Venice has inaugurated a free zone in the hope of 
building up the ancient city as a central clearing point for ship- 
ments between Central and South Europe, the Mediterranean and 
Eastern countries. The free port was authorised by the Govern- 
ment last year to become effective on October Ist, and the free 
zone is to be limited to only a portion of the port area at present, 
but the law provides for its extension to the entire port as rapidly 
as possible. The free zone covers eight docks, 26,000 sq. yds. 
of warehouse space, and about four miles of railway line. An 
estimated 5,000 tons a day can be handled in this area. 


Floating Dock for Trondheim, 

A large floating pontoon which has been lying at Trondheim 
has been bought by Orens mek. Verksted A/S., Trondheim, and 
is to be converted into a floating dock. This is the last of four 
pontoons taken to Trondheim by the Germans during the war, 
the other three having already been sold. The work of conver- 
sion is expected to take about a year, and the dock will be able 
to handle ships of up to 3,500 tons d.w. It will probably be 
stationed at Ila, where there are two slips, one for vessels of 
500-600 tons, and one smaller. 


Port of Larne Development Plans. 

Plans are under consideration for an extensive development of 
the port of Larne, terminal of the British Railways’ mail service 
with Stranraer and the Continental Lines’ ferry service with 
Preston. During the last two years the total of imports and exports 
has almost doubled, much of the trade being handled by road. 
Plans are on foot for further development of the harbour, which 
would add more than 1,000-ft. to the length of the quays and 
provide sites for industries requiring dockside facilities. (Govern- 
ment assistance will be obtained to finance the scheme. 


Seamen’s Welfare in Polish Ports. 

Following the recommendations of the International Labour 
Organisation on the welfare of seamen, Comments Books have 
been introduced in seamen’s homes and harbour masters’ offices 
in Polish ports. Merchant seamen, especially from other countries, 
now have the opportunity to make suggestions and write down 
their observations with regard to lodging and boarding, recreation, 
etc. Information concerning arrangements in other ports is also 
welcomed. This scheme, designed to offer the best possible con- 
ditions to the seaman during his brief stay ashore, is being widely 
advertised in Polish ports by multilingual posters. 


Manchester Ship Canal Retirements. 

The chief engineer of Manchester Ship Canal Company, Mr. 
R. D. Brown, and the deputy chief engineer, Mr. J. ©. Martin, 
retired early last month. Mr. Brown joined the company in 1922 
and was appointed chief engineer in 1945. He will be succeeded 
by Mr. D. C. Milne, who joined the company in December, 1941, 
and has had experience in the design and construction of harbour 
works in Australia and New Zealand. Mr. Martin, deputy chief 
engineer since 1945, has spent the whole of his engineering career 
with the company, and has been resident engineer on both the 
tidal and non-tidal divisions of the canal. He has been respon- 
sible for carrying out most of the major development works during 
the past 30 years, including the Stanlow oil docks. Mr..Oswald 
Hardie, who will succeed Mr. Martin, joined the company last 
May. He has had extensive experience in this country and abroad, 
including dock and harbour developments in many parts of the 
world. 


Increased Traffic for the Port of Belfast. 

Tonnage returns for the first nine months of the year, rece ally 
presented to the Belfast Harbour Board, show an increase of 
86,405 tons over the corresponding period of last year. The ‘tal 
tonnage of vessels arriving in the port was 3,209,037 tons net, of 
which 2,495,323 tons was of coastwise and cross-Channel vessels, 
588,494 tons was foreign, and 125,220 tons was non-trading. The 
largest increase was in foreign trade. 


Germans Visit Wear Shipyard. 

Six German local Government representatives, who recently 
visited Sunderland to study the workings of a democratic muni- 
cipality, also visited the port and were given an address on port 
administration by Mr. A. H. J. Bown, general manager of the 
River Wear Commissioners. They then inspected the South Docks 
and visited the shipyard and engineering works of William Dox- 
ford & Sons, Ltd., where they were welcomed by Mr. W. H. 
Purdie, engineering director. 


Increased Tees Trade. 

Continued expansion in the volume of trade was revealed in 
statistics presented at the monthly meeting of the Tees Con- 
servancy Commission held at Middlesburgh early last month. 
Ship clearances in the nine months ended September 30th num- 
bered 3,035, of nearly 2,700,000 tons, both figures being the 
highest recorded in the past 10 years. In the eight months ended 
August 31st, imports exceeded 2} million tons and exports totalled 
857,492 tons, which was well above the average in recent years. 
The revenue of the Commission for the first eight months of the 
year reached £185,211, the highest figure on record, and £24,345 
better than last year. 


Survey of New Zealand Coastline, . 

The Australian naval survey ship, H.M.A.S. ‘‘ Lachlan,’’ which 
is on loan to the Royal New Zealand Navy, will this month begin 
the long and complicated task of surveying the New Zealand 
coastline. The first area to be surveyed will be the approaches 
to Wellington Harbour, Port Nicholson, and a survey of Foveaux 
Strait will follow in January. New charts of New Zealand waters 
have been needed for a long time, as some of the existing charts 
are more than 100 years old and contain many mistakes. A new 
survey was begun in 1937, but only a small part of the work had 
been completed when it was interrupted by the war, 


’ 


Belfast Dockers and Decasualisation. 

Discussions extending over two years since the report of a 
committee appointed by the Ministry of Labour have been fol- 
lowed by a draft scheme for the decasualisation of a section of 
the dock workers at Belfast and Londonderry. The draft which 
is now being considered by the Amalgamated Transport and 
General Workers’ Union, covers the employment of dockers at 
the cross-Channel cargo sheds and the coal quays. It provides 
for a register of workers who will have a guaranteed wage provided 
that they make 11 attendances at the ports in the course of a 
week. Members of the Irish Transport and General Workers’ 
Union, who are for the most part employed at the deep water 
wharves in Belfast and at Newry, are not included in the scheme. 


Improved Facilities at the Port of Gothenburg. 

The Gothenburg Harbour Board has decided to erect a quay 
shed in the new Majnabbe Harbour, west of the Fish Harbour. 
The shed is primarily intended for the Svenska Lloyd vessels on 
the services to England and will have three floors, with a total 
area of about 9,000 square metres. The passenger department 
will be at the western end on the first floor and the large passenger 
hall will be divided into halves by a wall extending the whole 
length. Openings in this wall may be closed to enable the northern 
part to be used as a warehouse. A railway track will run through 
the ground floor of the building, and the second floor will be used 
entirely as a warehouse. The quay berth on the outer side of 
the pier will have a depth of 10 metres, and as only one berth in 
the harbour used for general cargo work has that depth of water, 
the new quay will be a valuable addition to the port’s facilities. 
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